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DEVELOPS MAXIMUM PHyYSIcALs IN LIGI MIEVAILS 


When your heat treatments of light metals require temperatures close to melting 
points, ‘Surface’ furnaces give you the “pinpoint” control you need 


Forced convection, pioneered by ‘Surface,’ heats pieces uniformly through thick 
and thin cross sections, Temperature uniformities of plus-minus 5’ F throughout 
large, dense charges are typical. Convection heating is fast since heat transfer 
is not impeded by the reflective properties of light metals 


‘Surface’ convection furnaces have proved their advantages throughout the 


light metals industry. For example, one aluminum producer alone has pur- 
chased 135 large ‘Surface’ furnaces. 


There is a size and type, batch or continuous, to meet your requirements. Find 
out about it from your ‘Surface’ representative, or write for Literature H54-5 





SURFACE COMBUSTION CORPORATION « TOLEDO 1, OHIO 
ALSO MAKERS OF 


Rathabar 1 0ioiry conoitionine Fanttral ayromaric space Heatine 








March . . 


The photomicrograph showing alpha formation in 
a beta titanium alloy, used for this month's cover, 
won the grand prize in the @ Metallographic Ex- 
hibit during the 1954 Metal Show in Chicago. Those 
who had a hand in its preparation are R. D. Buch- 
heit, J. E. Boyd, A. A. Watts and F. C. Holden of 
Battelle Memorial Institute. 


Ernest E. 
Marjorie R. Hyslop, 


Thum, 


Western Metal Congress...............++++++5: 


Some notes about the Congress and Exposition, to be he ld in Los Angeles the week of 
March 28, and complete programs of five of the 24 co-sponsoring technical societies. 


Engineering Articles 

Mass Production of Sheet Magnesium, by G. Ansel 
Magnesium sheet and plate in unprecedented widths and lengths is being prov ided- “= 
industrial fabricators by Dow Chemical Co.'s new plant in Madison, Ill. In addition to 


being the largest mill ever built for magnesium, the plant has a modern continuous cast- 
ing unit and is also able to furnish extrusions and alloy ingots. 


Fiber Metallurgy, by A. G. Metcalfe, C. H. Sump and W. C. Troy 


When metal fibers or filaments are used as raw materials for compacting and sintering 
a finished part, bodies with novel properties may be —— A large range of porosi 
ties is possible, combined with high strength and toug 


Metallurgy and Stratospheric Flight, by Major P. L. Teed... 


Materials for airframes of subsonic crafts are both abundant and various, 
some tinkering of their composition most are suitable for crafts flying at speeds up to 
1400 miles per hour; beyond this speed, titanium, steel or totally new structural ma- 
terials will have to be used. 


The Pitted Tank Mystery, by Marjorie R. Hyslop 


If a stainless retort in an ammonia dissociator was 
the upper head, starting from the outside, where would you look for the c ause? 


Fine-Grained Brass for Deep Drawing, by Charles A. Turner and Stephen P. Banno 
A continuous annealing method for deep drawing brass (85-15 
material having fine grain, which eliminates “orange-peel”, 
of a coarse-grained structure. 


Anything New in Hardness Measurements?, by S. R. Williams. . 


The eminent author of the A.S.M. book on “Hardness Measurements” comments on the 
rise in microhardness and portable testers, and reminds us that a fundamental conc ept of 
hardness still eludes the theoretical physicist. 


Choosing a Titanium Alloy, by Leonard D. Jaffe... 


The many alloying metals proposed for titanium have a consistent action except 
vanadium and aluminum. Al a them have virtues. Some of the so-called interstitial 
elements (C, N, O, B and H) are powerful strengtheners but are equally damaging 
to toughness and workability. Effects of composition and heat treatment are interrelated 
and systematized. 


Table of Contents Continued on Page 3 
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Hare’ help in Ordering 
THERMALLOY * 


heat-resistant castings 


Thermalloy 


heot-treat trays end fixtures 





Conveyor Belt 
Bulletin T-241 


General Thermalloy 
Catalog T-225 


Wherever high heat and special atmospheres 
are problems in heat-treating or processing 
equipment, Thermalloy heat-resistant castings 
can help to minimize expensive repairs, high 
maintenance costs, sudden breakdowns. 


To help you in ordering Thermalloy heat- 





Elyria, Ohio 
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resistant castings for use in many different 
types of equipment, you will find assistance 
in these bulletins. To obtain the bulletins per- 
taining to your problem, call your nearest 
Electro-Alloys representative or write Electro- 


Alloys Division, 6002 Taylor St., Elyria, Ohio. 


ELECTRO-ALLOYS DIVISION 


*Reg. U. §. Pat. Of. 
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Stress-Corrosion of Stainless Steels, by J. J. Heger. 


Studies of service failures and laboratory investigations have brought a better under 
standing of stress-corrosion. Some suggestions for preventing or minimizing it are offered, 
but a complete explanation of the mechanism of stress-corrosion cracking must await 
more fundamental information. 


To Preheat or Not; Rebuttal by W. S. Pellini; Rejoinder by C. A. Liedholm 


Pertaining to the review “Transformation During Welding” in which Mr. Liedholm 
termed the authors’ conclusions “essentially negative” 


Atomic Age 
H-Bomb Defense: Absence...... 


A community civil defense director analyzes what can be done to a target city by a 
modern thermonuclear weapon, and outlines measures that offer some chance of 
saving lives and property. 


Book Reviews 


Data Books and Handbooks, Reviewed by Muir L. Frey and R. R. Raney 


The three books reviewed are “Metal Data” by Samuel L. Hoyt, “ASME Handbook, 
Vol. I, Metals Properties”, edited by Samuel L. Hoyt, and “ASME Handbook, Vol. III, 
Metals Engineering Design”, edited by Oscar J. Horger. Both reviewers agree that all 
are worth-while compendiums in an area difficult to handle, but, being anthologies by 
different authors an from discontinuities in style and emphasis 


Data Sheet 
Hardenability Bands for Standard H-Steels, 4320-H to 4820-H 


Third of a series of eight sheets translating into simplified chart form the hardenability 
curves and data issued by the American Iron and Steel Institute 


Digests of Important Articles 
Characteristics of Creep 
Properties Needed in Creep Resisting Alloys 
Relationship of Alloying to Creep Behavior. 
Creep and Aging at High Temperature 
Four papers covering fundamental aspects of the —_ problem, forming part of a 


“Symposium on Creep and Fracture of Metals at Hig 


1 Temperature” presented in 
England last summer. 


Effect of “Early” Cracks on Mechanical Properties. 
Cracks produced by twisting of specimen in tension reduce ductility to almost zero in 
notch-sensitive steels, but have little effect on ductility of notch-insensitive steels 
Causes and Prevention of Weld-Metal Cracking, Part II 


Methods used to control weld-metal cracking and some of the tests for determining 
susceptibility to cracking. 


Vacuum-Fusion Method for Determining Gases in Cast Iron 


A unique apparatus, procedures, and some results for oxygen, hydrogen and nitrogen 
in cast iron 


Diffusion of Nitrogen in Alpha and Gamma Irons. 


Diffusion coefficients, as determined by the authors’ procedures, offer strong support 
for Snoek and Polder’s interpretation of damping caused by carbon and nitrogen 


Departments 

As I Was Saying, by Bill Eisenman 
Personals ._ 

Engineering Digests of New Products 
Manufacturers’ Literature 

Advertisers’ Index 
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PACIFIC 
HARDENING 
FURNACES 







PACIFIC 
ENDOTHERMIC 
GENERATOR 









PACIFIC 
CARBURIZER 
NITRIDER 
FURNACE 















0 PACIFIC 


CAR-BOTTOM FURNACE | 









Whruatever YOUR HEAT TREATING NEEDS... 
large or small...standard or critical...there’s 
a modern Pacific-Built Furnace for your ex- 
act requirements. A complete line of Pacific 
Furnaces and controls is available, and 
Pacific engineers can provide special designs 
for unusual jobs. For help in answering all 
your heat treating and furnace problems, 
call Pacific Scientific—there’s no obligation! 


Licensed 
Eastern Manutacturer Los Angeles 


CASE HARDENING SERVICE CO. Sen Frenciaco 


Seattle 
Cleveland, Ohio Portiand, Oregon 


Arlington, Texas 
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PACIFIC SCIENTIFIC CO. 
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built furnace 
for every heat treating need 
















cunenan KARBOMATIC 
HYDROGEN FURNACE 
BRAZING 


FURNACE 






PACIFIC 
SHAKER-HEARTH 
FURNACE 


PACIFIC 
FLOOD-AIRE 
FURNACE 














PACIFIC AUTOMATIC 
HARDENING FURNACE 
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PACIFIC 
DU-AL LABORATORY 
FURNACES 


(3 models) 


ATMOSPHERE 
GENERATORS 








ELECTRIC 
HEAT TREATING 
EQUIPMENT 






PACIFIC SCIENTIFIC CO. 


1424 Grande Vista Ave., Los Angeles, Calif. i 
Please send free bulletins and specifications on i 
the items checked ' 
° ' i 2 [ J s) Name ™ i 
4 5 /6 i 
7 sme Company 1 
WOW saves i 
L) Please have a i 
Pacific Representa- City State 
tive call | 
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L“? month I returned to Cleveland 
the land of snow and zero weather 
for a week, and while I was there 
received the following report from the 
California office: 

“Dear Boss: Things have been hap- 
pening since you left, and I thought I 
should drop you a note about the mail 
that passed you on the way and about 
new developments here. A note from 
Taylor Lyman says that Carl Gerlach 
and Jim Hontas (|staff engineer and 
staff metallurgist on Metals Hand- 
book] are doing a swell job and have 
the 24 committees all organized and 
are preparing for the second round of 
committee meetings; and that the 
second supplement to the Metals 
Handbook, to be published in August 
will be of exceptionally high character, 
judging from the membership on the committees preparing the material 

“Had a phone call from an exhibitor in the Western Metal Show advising 
us that he will require 35-hp., 220-volt, 3-phase for his equipment 

“Received additional orders for 5000 admission-invitations, making a 
total of 135,000 ordered by exhibitors. Looks like another fine attendance at 
the Western Metal Exvosition 

“A note from Cleveland says that the 25,000 copies of the western edition of 
Metal Showman were shipped by Universal Carloading and should be avail- 
able for distribution out of the Los Angeles post office Feb. 15 

“IT have just figured the number of individuals on the Pacific Coast be- 
longing to the 24 national technical societies co-sponsoring the Western 
Metal Congress, and the total is 20,950. Considering also that the exhibitors 
have submitted more than 14,000 names to receive information on the 
Western Metal Congress, I have notified the printer that the run on the 
next two Metal Show folders should be increased to 35,000 copies. Do you 
think we have enough money on deposit at the post office for the mailing? 

“Was delighted to receive your wire and to know that you had selected 
an associate editor for Metal Progress and a director of education for the 
A.S.M. Iam sure they will make very valuable additions to the present staff 

“Yesterday I had two phone calls inquiring about exhibit space. I sold 
the last two spaces available in the entire show. Just to make things more 
interesting | had a phone call this morning requesting space and it hurt a 
lot to have to say, ‘Sorry, there isn't any more.’ 

“You received letters from Herbert French, Walter Jominy and Bradley 
Stoughton that they will attend the European Metallurgical Societies meet- 
ing. Their names have been added to the list of past presidents who wrote 
previously they would attend, and, along with the board of trustees, they 
will make a wonderful representation of national officers. You received six 
other letters from members indicating they had written to Cook's about 
definitely participating in the European meeting. Coupled with the other 
reservations, there is now a very formidable list. 

“You received a note from Mr. Thum stating that Metal Progress is to be 
the topic of conversation at a meeting of the American Institute of Graphic 
Arts in New York. He and the managing editor (Marjorie Hyslop) and the 
production manager (George Loughner) all felt it advisable to attend the 
meeting, either to defend themselves or to receive accolades (I'll bet it 
will be accolades) 

“I notice by the paper that it is around zero in Cleveland. Back here in 
Los Angeles the temperature is around 80; people are at the Sun Club 
around the Pool at the Ambassador. 

“I won't write another letter because I know you will be coming back to 
the Land of Flowers, Sunshine and Tourists as soon as the ‘Priendly 
Southern Pacific’ can haul you back 

“Give my regards to everybody at the office EGG” 


Cordially yours 
Gi 


W.H. Ersenman, Secretary 
AMERICAN SOCIETY FOR MeTAI 
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Solvento!l Di*PHASE 
cleaning superiority 
is o result of a fundo- 
mentally new principle 
in metal cleaning formu- 
lations. The Di*PHASE 
principle cleans faster, 
more thoroughly than 
other detergent compo- 
sitions, It removes more 
kinds of soil from ALL 
types of metals. 

Di*PHASE compositions 
are non-toxic and tem- 
porarily inhibit corro- 
sion and rusting. 


DESIGNERS AND BUILDERS 


OF SPECIALIZED METAL 
CLEANING EQUIPMENT 

















SEND TODAY— 


for descriptive literature 
and technical specifications 
on the new Solventol Di*Phase 
Liquid Series of Metal Cleaning 
Compounds and Equipment. 





SOLVENTOL CHEMICAL PRODUCTS, INC. 
DETROIT 3, MICHIGAN 
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This one-inch section from the center slab of the steel 
being quenched above varied only 11 Brinel! points 
over its entire area. Steel is AISI 4150, and the slab 
measures 80” long, 16” wide, and 41/2” thick. 
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horlpens uniform 
2 -typical of results with 


Gulf Super-Quench 


Charles E. Larson and Sons, a large forging company in Chicago, are enthusiastic 
users of Gulf Super-Quench. Recently, however, they had cause to be amazed at its ability 
to maintain uniform hardness and reduce rejects. 

After quenching the large slab of steel shown in the photograph in Gulf Super-Quench, 


they cut a section one inch thick from the center and checked the hardness at the points 


shown in the photo. It varied only eleven points over the entire area of the section— 
> a hard-to-believe uniformity pattern. 
This is further proof of Gulf Super-Quench’s ability to achieve more uniform hardness 
and get deeper hardening without cracking and distortion. 
Have a Gulf Sales Engineer help you discover opportunities to put Gulf Super-Quench 


to work—profitably—in your shop. Contact your nearest Gulf office today. 


i PETROLEUM PRODUCTS FOR YOUR EVERY NEED 


Gulf Oil Corporation 
1822 Gulf Building 


Gulf Refining Company 
Pittsburgh 30, Pa. 
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STOKES ANNOUNCES 


The Stokes 50-pound lab 
eretory vacuum furnace, 
@ prototype of full scale 
equipment, is specially 
designed for the study of 
vacuum metals and their 
production 


Stokes manufactures a complete line 
of vacuum pumping equipment. This 
includes mechanical vacuum pumps, 
diffusion and booster pumps, vacuum 
valves and gages, and complete 
vacuum instrumentation. In engi- 
neered high vacuum equipment, 
Stokes builds vacuum metallizers, 
vacuum furnaces and other vacuum 
processing equipment. 


Stokes has for many years been 
active in vacuum research. Vacuum 
experience among our engineers 
covers the range from laboratory 
equipment to some of the largest 
vacuum equipment in service. This 
experience is available to help solve 
your vacuum problems. 
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STOKES MECHANICAL 
VACUUM PUMPS 


For vacuum processing systems and 
for maintaining low fore-pressures 
in high vacuum systems, the Stokes 
Microvac pump provides efficient, 
economical operation. Designed 
with fully automatic lubrication 
and a long-lasting exhaust valve 
assembly, every Microvac pump is 
assured of smooth, trouble-free 
operation. Six sizes give capaci 
ties from 15 to 500 cfm. Gas-ballast 
available on all sizes. Send for 


catalog listed. 

















ANEW VACUUM FURNACE 


Stokes has developed a new vacuum furnace specially designed for laboratory and 
developmental work. Although nominally rated at 10 to 50 pounds of steel melt capacity, 
this compact unit has a large interior which permits flexibility in mold design and 
crucible size to give small production runs when required. This adaptability 

for either laboratory or production purposes is unique to the Stokes 

laboratory furnace. In every way, this laboratory unit simulates the 

operation of full-size vacuum furnace equipment, of which 

Stokes is the leading supplier. 


One of the important design features of the Stokes laboratory SEND FOR 

furnace is the vacuum lock, which permits multiple melts, melt ee og 

> : y ae a? F ‘ , . E . LITERA ; 

sampling and corrective additions, use of immersion thermocouple RTS oa 
and manipulation of the melt, all without breaking vacuum. 

Other features include a large mold turntable, which can be 


supplied with a pre-heat furnace, grouped controls for 
convenient operation and a matched, high-capacity pumping 
system using the new Stokes Ring-Jet Booster pump and 
the dependable Microvac forepump. 


The Story of the Ring-Jet Pump 

Complete Vacuum Processing 
Systems—Catalog 730 

How to Core for Your 
Vacuum Pump—Booklet 755 


Vacuum impregnation — 


Catalog 760 


. . Vacuum Drying—Catoalog 720 
If vacuum metals are a part of your future, or might be, write PP aA as 


~ . . 7 
to Stokes for more information on both laboratory and Cotutag 7V0 
. Vacuum Metollizing 
high-capacity vacuum furnaces. Cotolog 780 
Vacuum Calculator 


r : ‘ Slide Rule 
F. J. Srokes MACHINE COMPANY, 


PHILADELPHIA 20, Pa. 


VACUUM EQUIPMENT 


STOKES VACUUM VALVES 
To control vacuum sofely and surely, Stokes 


STOKES RING-JET DIFFUSION 
AND BOOSTER PUMPS 7 | vacuum valves are available in 4, 6, 10 and 


lé-inch standard flange sizes 
The new Sto’es Ring-Jet Pumps em- 


STOKES-McLEOD VACUUM GAGES 


For measuring vacuums from fractions of a 


body a new concept of the diffu- 
sion principle. Size for size, they 


have pumping speeds of 10% to micron up to 50 mm, Stokes-McLleod gages are 


mere than 068% ebeve any other the standard of reference. Four sizes available 
diffusion pump for a given heat 
input. Ring-Jet Diffusion Pumps are 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 


Send for information listed. 


ENGINEERS: Stokes is continually adding to its engineering and technical sales 
staffs in the high vacuum, industrial tabietting, powder metal and 
plastics molding fields. if you can qualify, there may be a position for you. 


OFFICES IN PRINCIPAL CITIES, 
REPRESENTATIVES THROUGHOUT THE WORLD 
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Goodbye to old quench 


own here are typical examples of important 
production savings made possible by Ajax Electric Salt 
Bath martempering and austempering. And there are 
hundreds more! 

Here, briefly, are the reasons for the outstanding supe- 
riority of this method: First cost of equipment is only 1/2 
to 1/5 that of any other conventional system! Distortion is 
so negligible that parts can usually be finish machined 
before hardening. Final grinding is seldom necessary 
Scale, decarb and quench cracks are avoided. Ductility 
is increased. 

WRITE FOR TECHNICAL BULLETIN 3500, “The Present Status of Aus- 
tempering and Martempering’ — also list of documented case 


histories of martempering and tempering i covering 
a wide variety of industries. 


A SALT BATH QUENCH THAT 
SURPASSES OR EQUALS AGITATED OIL! 


In this new Ajax CATARACT 
QUENCH furnace* the 
quenching power of molten 
salt (400°F and above) sur- 
passes or equals that of 
agitated oil (100-150°F). 
This is achieved by a con- 
fined downward directional 
flow within a quench header. 
Let us prove it on your own 
products in the Ajax Metal- 
lurgical Service Laboratory. 


Write for Bulletin 700, ‘' Ajax 
*Patents opplied for Coftaract Quench Furnaces." 





eis Cem ae al ie ae ee a 


Austempering this well-known electric 

shaver head (0.003” thick) in an Ajax 

furnace scored a $50,000 a year sav- 

ing over conventional quench and 
temper methods! Austempering produced tougher heads. 
Rejects due to cracks were reduced from 3.6% to 05%. 
Uniform hardness is obtained. Distortion is easily held 
within specified limits. 


Martempered in Ajax fur- 

naces and drawn to Rc 
62-63, these SAE-52100 bearing races show an average 
out-of-round distortion of only 0.002-0.003” in heat 
treating. Grinding time was reduced from 50 minutes to 
less than 10 minutes per race. 


HANDLES 
ENTIRE 


Lawn mower blades 

(SAE-1065) are aus- 

tempered in a fully 

mechanized Ajax salt bath line to produce the critical 

combination of Re 48-52 PLUS high ductility. Finished 

blades can be bent to horseshoe shape without cracking 
. . and they're tough enough to cut nails! Production is 

550 blades an hour. One man handles the entire job! 


Section size of this high alloy valve 

plate varies from 1,” to 1%”. Con- 

ventional oil quench and temper 

methods failed to produce Rc 58-60 without cracking. 
Martempering and drawing in Ajax salt baths produced 
a hardness of Rc 60-64... . WITHOUT CRACKS! 


heat-treating turnaces exclusively 


AJAX ELECTRIC COMPANY, 910 Frankford Ave.,Philadelphia 23, Pa. 


Associated Companies; Ajax Electric Furnace Corp. « Ajax Electrothermic Corp. + Ajax Engineering Corp, 
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Can your testing machines 
pass this"aptitude test’? 


(Check box for each "no answer. If ‘'yes,”’ leave blank.) 






























Does my present equipment have Can it obtain high magnif cation 


infinitely variable speed control? stress-strain recordings? 

Does it have unlimited testing 
stroke over the complete distance 
between upper crosthead and 
weighing table? 


Can i control rate of loading? 


Can it control rate of strain? 
Can it handle off-center loads? 
Can it hold a stress or strain in 


Can it unload as accurately as it 
loads? 


the elastic range indefinitely? 


Can it utilize automatic load hold 


ing attachments? Does it have simple controls? 


Is its drive smooth enough not to ls its accuracy independent of the 


operator's skill? 


Are you proud of the appearance of your testing equipment? [] a 


Ld (4S tee 
CJGILILS Uileeoe 


affect the indicating system? 


1f your machines rate more 
than 4 “no” answers, they may 
be inadequate for today's con 
ditions. Better clip this list and 
mail to us. Without obligation, 
we'll be glad to give full in 
formation on what you could 
accomplish with machines that 
do have the features checked 
Also check here for Catalog 
RG-14-55 describing Riehle's , 
complete line of modern test 
ing equipment. 





Mail to: RIEHLE TESTING MACHINES 
Division of American ‘iachine and Metals, Inc., Dept. MP-355, East Moline, Iilinois 





Just how well are your present machines suited to modern testing procedures? 
Many machines now in use are, by today’s standards, limited in versatility and 


convenience and may he of questionable accuracy. 


Here's an easy way to find out if your equipment is doing as complete a job as you 
could accomplish with up-to-date machines. Simply ask yourself the questions on 
the check list and determine how your equipment measures up to modern 


Riehle machines 


This check list also provide s a chance to learn the full implications of the 
features referred to in the questions. Simply check off these features that are lacking . 
in your present equipment. Clip and mail the list now so you'll have th 


information in your files. No obligation 









IEH 4 Sy et phe 7 * ding rine and Metals, Inc 
R ~tyu MACHINES AST mot LINO!S 


"One test is worth a thousand experl opinions” 


Radiant Tube Furnace 

A gas-fired, vertical radiant tube 
furnace has been announced by Lind- 
berg Engineering Co. It was designed 
to handle production loads of small 
parts requiring neutral hardening, 
carbonitriding, heavy and medium 
case gas carburizing and carbon resto- 
ration. The quenching arrangement is 
as follows: When the lead basket 
reaches the end of the heating 
chamber, a cylinder slowly and evenly 


inverts the basket 180° allowing the 
work to trickle from the basket into 
the quench below. Each piece is in- 
dividually quenched assuring a uni- 
form hardness. A flight conveyor 
carries the pieces from the quench 
and drops them into baskets. Work is 
never removed from the protective 
atmosphere once it enters the heating 
chamber until it emerges from the 
quench. Heating is by means of 20 
radiant tubes made of Inconel and 
suspended from the top plate. All 
tubes are fired at the lower end and 
are readily removable from the top 
plate without the need for cooling the 
furnace or interrupting the operations. 
Total input rating is 1,630,000 Btu. 
per hr. Maximum temperature rating 
is 1850° F. 

For further information circle No. 626 
on literature request card, p. 36-B. 


Chromium Carbide 

Chromium carbide, Carboloy Dept 
of General Electric Co. has an- 
nounced, is proving to be a good struc- 
tural material for load applying mem- 
bers and sample grips employed in 
high-temperature transverse rupture 
and tensile stress rupture testing, for 
anvil and Brale extensions in high- 
temperature hardness testing, and as 


Brinell balls in elevated temperature 
hardness evaluations. Tests with 
chromium carbide 608 as a structural 
material indicate it has good strength 
at temperatures as high as 1500° F., 
resists creep and deformation at tem 
peratures of 1800° F. or higher, and 
is very resistant to oxidation at 
1800" F., 


For further information circle No, 627 
on literature request card, p. 36-B. 


Cleaning 

A new industrial scrubbing ma 
chine that cleans polished metal! sheets 
before they are plated has been de- 
veloped by the Fuller Brush Co., Ma- 
chine Div. The metal plates, sus- 
pended by hooks, are carried through 
the cathode plate scrubber by an 
overhead monorail conveyor. A spray 
and cylindrical scrubbing brushes 
scour off residual material, and a 
clear water rinse leaves the plates 
clean as they leave the machine. Pow- 
ering the scrub brushes are two % 


hp. motors. They turn the brushes 
by means of a chain drive. A % hp 
variable speed motor for the feed roll 
drive moves the cathode plates 
through the machine at a speed of 
from 2% to & fpm. 


For further information circle No. 628 
on literature request card, p. 36-B. 


pH Indicator 


A new panel-mounted indicator for 
continuous measurement of pH or re- 


dox in manufacturing processes has 
been announced by Leeds & Northrup 
Co. The instrument is moisture-proof 
and gives accurate readings after less 
than 1 min. warm-up, without the use 
of desiccants. It is unaffected by line 
voltage surges. electrical pick-up and 
zero drift. The a.c. operated instru 
ment can be used as a continuous in- 
dicator, with or without extra meter 
assemblies to duplicate readings. The 
indicator can also feed readings to 
a remote recorder. 

For further information circle No. 629 
on literature request card, p. 36-B. 


Tensile Testing 
of Titanium 
Baldwin-Lima-Hamilton Corp. has 
announced a close control of strain 
rate by using a Microformer-type ex 
tensometer on the specimen to operate 
a recorder and activate a strain-indi 
cating pointer in a cabinet mounted 
behind the recorder. The pointer ro 
tates in front of a pacing disk which 
rotates at a selected fixed speed. The 
operator keeps the strain indicating 
pointer turning at the same speed as 
the disk by regulating the rate of 
loading on the specimen. Micrometer 
load control on this 30,000-lb. capacity 
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When you reduce oil consumption by lower 
ing drag-out, you cut a major cost in operat 

ing a quenching system. Sun Quenching Oil 
Light thins out when heated, drains off parts 
faster and more completely. And Sun 
Quenching Oil Light, because of its natural 
detergency, prevents the formation of sludge 





You Get Minimum Drag-out 
with Sun Quenching Oil Light 


deposits, aids in removing any deposits that 
have accumulated. And under normal oper 
ating conditions it need never be replaced. 
Sun’s booklet “Sun Quenching Oils’’ tells 
about this low-cost oil. For a copy, call your 
nearest Sun office or write SUN Or, CoMPANY, 
Philadelphia 3, Pa., Dept. MP-3. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY 


PHILADELPHIA 3, PA. ¢« SUN OIL COMPANY LTD., TORONTO & MONTREAL 
Made by the producers of famous Blue Sunoco Gasoline and Dynalube Motor Oils 














testhig machine permits the operator 
to maintain a strain rate of 0.005 in 
per in. per min. in testing titanium. 
After reaching the yield point, the ex- 
tensometer is removed and the testing 
speed increased to produce fracture 
within a total time of 5 to 8 min., de- 
pending upon elongation character- 
istics of the material. 


For further information circle No. 630 
on literature request card, p. 36-B. 


Pencil Test 
for Free Cyanide 

A special alloy pencil for testing 
and determining the approximate free 
cyanide concentration of all copper 
solutions has 
been announced 
by Pollack Prod 
ucts Co. The test 
can be made in 
seconds on plain 
cyanide-copper, 
Rochelle-copper 
and all high 
speed copper 


plating solutions 





A simple dip of 
the pencil tip in 
the solution for 
about 15 sec. will 
indicate whether the free cyanide is 
too high, low or in the safe working 
range. 

For further information circle No. 631 
on literature request card, p. 36-B. 


Inert-Gas Arc Welding 

An electronically controlled heliarce 
voltage control has been announced by 
Linde Air Products Co. It maintains 





a constant arc voltage to insure welds 


of uniform penetration and build-up. 
It also automatically turns both torch 
cooling water and inert shielding gas 
on at the start and off at the finish 
of a weld. It controls arc voltage by 
governing the distance of the torch 
from the work 


For further information circle No. 632 
on literature request card, p. 36-B. 


Vacuum Gage 
A new, single-station thermocouple 
gage with printed circuit has been an 








BARBER Wheeleo 
ate) Control Center 





Brings automation to heat treating! 


This specially engineered Wheelco Control Ceter provides 
complete instrumentation necessary for fully automatic heat- 
treating of oil well drill bits. Temperatures and heating cycles 
of carburizing, hardening, and drawing furnaces are precisely 
controlled from the central panel. Continuous, 24-hour process 
is completely mechanized. Wheelco Instruments simplify servic- 
ing .. . provide maximum standardization and interchangeabil- 
ity of “plug-in” components . . . assure dependability needed for 
continuous-flow, low-cost heat-treating. Let Wheelco’s Instru- 
ment Engineering Service recommend profit-saving solutions to 


your special control problems. 





WHEELCO INSTRUMENTS DIVISION 


BARBER-COLMAN COMPANY, DEPT. O, 1518 ROCK ST., ROCKFORD, ILLINOIS 
BARBER-COLMAN OF CANADA, LTD., DEPT. 0, TORONTO, ONTARIO, CANADA 


industriol instruments «Automatic Controls«Air Distribution Products Aircraft Controtse Small Motors 
Overdoors and Operators* Moided Products* Metal Cutting Toolse Machine Tools Textile Machinery 
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Write for the latest stock list 


Coneact our nearest office or write to 
Peterson Steels, Inc., Springfield Road, 
Union, New Jersey. Address Dept. M. 
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nounced by Consolidated Vacuum 
Corp. It is compact and portable. The 
instrument is calibrated for air with 
one direct reading meter scale cover- 
ing the range from 1 to 1000 microns 


Hg. It measures the total pressure of 
condensable vapors and permanent 
gases present in a system. The gage 
is not harmed by exposure to atmos 
pheric pressure 

For further information circle No. 633 
on literature request card, p. 36-B. 


Spectrometer 

A direct reading spectrometer that 
incorporates new electronic, optical 
and mechanical design innovations, 
has just been announced by Jarrell- 


Ash Co. It has a double optical sys- 
tem and focal deck so that it may be 
used photographically for qualitative 
or semi-quantitative analysis, simul 
taneously with or alternatively to the 
direct reading measurements. Com 
plete analyses normally require less 
than 1 min. Results show standard de- 
viations of 1 to 2%. The complete self- 
contained unit, consisting of a spec 
trometer, a dual source and the 
detection, integration and data pres- 
entation circuits, is housed in a com 
pact metal cabinet. 


For further information circle No. 634 
on literature request card, p. 36-B. 


Oil Filters 

A new line of oil filters and two 
new cartridge-type filtering elements 
have been announced by Houdaille- 
Hershey of Indiana, formerly Honan- 
Crane Corp. All of the new filters 
feature quick opening lids. A new 
pleated paper cartridge called Flo- 
Pac, for full flow filtration, and a 
second element named Kleer-Pac, for 





eee. 
MARTINDALE 
a 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced in our own 
factory where uniform hardness is assured by heat 
treating in electric furnaces on which the tempera 
ture is closely controlled by electric eyes 


SYN YY ‘\ 


WMOOVAY} 
Te MAY 


Over 200 sizes and shapes (total over 75,000 pieces) 
are carried in stock for immediate shipment 


MOTOR-FLEX UNITS 


Martindale Motor 
Flex Units are 
made in 7 Models 
—24 Combine 
tions. They vary 
from 1/10 to '/ 
H.P. with various 
motor speeds 
Available in bench 
pedestal or over 
head suspension 
types. 


Complete line of attachments. 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 4 types 
for Screw-Slotting. Metal-Slitting, Copper 
Slitting and other cutting operations on both 
ferrous and non-ferrous metals 


Diameters range from 1%” to 4” and stock 
tools are made with various numbers of teeth 
and in a wide variety of thicknesses 


Write for 64 page Catalog No. 29 covering 
above Saws, ROTARY BURS and FILES, and 
many other products for maintenance, safety 
and production. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Obie 














Hardened creas show darker 


at ends of rocker arm. 


Visit Lindberg at ASTE Show 
and at ASM Western 


Booth 666 
Meta! 





Expositon 








JUST 
2 ho 
SECONDS 





for accurate 
selective 
hardening 
of this 
rocker arm 


...using a Lindberg 50 KW High Frequency Unit 


Booth 334 


In Detroit, a leading manufacturer 
of prestige autos increased produc- 
tion of rocker arms 300% by switch- 
ing to a Lindberg 50 kw high fre- 
quency unit with a new work fixture. 
Production is now 1550 per hour... 
with no rejects due to unit failure. 

Selective hardening of these pearl- 
itic malleable iron rocker arms pro- 
vides wear resistance from valves 


and push rods. A sharp cutoff of the 
hardness is because the 
kept soft for 


necessary 


center hole must be 
further machining. 
Lindberg high frequency units 
give continuous 24 hour a day opera- 
tion with a maximum of dependabil- 
ity. If you have an induction heating 
application, you'd do well to talk 


things over with a Lindberg engineer. 


LINDBERG Sf HIGH FREQUENCY DIVISION 


Lindberg Engineering Company ¢ 


2448 West Hubbard Street « Chicago 12, Illinois 
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NOW IN PRODUCTION 


EXTRUDED 
SECTIONS 


IHiOT XTRUDED and COLD DRAWN] 


~~ JaL's 


N EW a AN a Close-up of the 1000-ton hot extrusion press at Jones & 


Laughlin Steel Corporation, Pittsburgh. Hot billet is being 
pushed into the die container. The ram then forces it 





through the die. 


[his modern new plant, now in production, can 


tailor-make Extruded Sections (hot extruded and cold 





drawn) to your specifications. Here, complex sections 
that cannot be rolled can be custom-made for you. . . 
quickly and economically Examples of sections that can be produced to your order 

J&L’s ingenious new equipment makes possible the More intricate sections are also possible. The section 
production of sections that are preformed to the you need is custom-made to your requirements 
predominating cross section of the part you wish to 
produce. The range of sections that can be produced 
is almost unlimited 

Quantities also are extremely flexible. Even the 
production of a single extrusion of less than 100 Ibs 
is practical 

In addition, J&L’s Extruded Sections possess the 
physical benefits and accurate tolerances derived from 
cold drawing. And, you can obtain them in a wide 
range of analyses. 

Complete information is available now. Send us 





your inquiry——today 


J&L's Extruded Sections 


e help speed your production 
Sones of laughlin and reduce your costs 
; With J&L’s Extruded Sections you can 
STEEL CORPORATION — Pittsburgh 1. Eliminate time and costs in machining operations. 
2. Eliminate time and costs in finishing operations 


3. Reduce scrap losses practically to the zero point 


4. Eliminate the cost of castings and forgings of intricate 


sections requiring considerable machining 
} R VSE THIS HANDY COUPON 
| es & Laug tee f rat 
i jateway Center ept. 405, Pitt ret Pa 


’ tereste we wir ‘ t iv 
extr led sectior am do tor ‘ 

ia ‘ 

tree 




















Baird Associates Presents... 


Quality Control On The Production Floor 


With the new Baird Spectromet*, spectrochemical analysis is possible directly on 
the floor of the foundry and in the meltshop. Thirty to forty seconds after the 
sample is burned, the concentrations of six elements in the sample are read 
from indicators located on the face of Spectromet*. The indicator readings can be 
easily and rapidly translated into accurate corrections in the melt and give 
constant control of the contents of the melt. 
The speed of the instrument’s operation permits as many as 180 determinations 
per hour providing practical analytical data at low cost per sample 
Sealed optical and electronic compartments provide a built-in 
laboratory environment. Maintenance is reduced to a minimum. 
For more information why Spectromet* can help serve your 
analytical needs, write for free technical Bulletin #42. 


Batrd Associates, Ine. 


33 University Road - Cambridge 38, Mass. 
*Trade Mark 
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MAKING 


Sette: Products 


COST LESS 


al BARBER-COLMAN 





LOW MAINTENANCE . . . CONSISTENT 
RESULTS HIGHLIGHT [psen HEAT 
TREATING INSTALLATION AT 


BARBER-COLMAN 
Total maintenance expense . . . $395.56. Total hours of 
operation ... 13,200. Type of work . . . 65°, bright 


carbonitriding, 20°, bright carburizing, all other, 15°,. Less 
than 3 cents per hour for maintenance. That's the report 

from the Barber-Colman Heat Treating Department on this 
Ipsen T-250-E Furnace since its installation. 

Now ... Ipsen’s latest 100°, Forced Convection design cuts 
low maintenance costs even more. 


GET THE FACTS —See for yourself how 

ipsen “Controlied. Atmosphere’ Furnaces : 
can cut your heat treating costs. We'll be 

glad to send you all the detoils 


rf 
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Controlled Atmosphere Controlled Atmosphere 
Heat Treating Units Tempering Units 
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Fa IPSEN INDUSTRIES, INC., 723 So. Main St., Rockford, Illinois 
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Automatic Washers Dewtron: and Atmosphere Generators 


Carbotronik Controtiers 
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Another 
Norton 




















Cross-section of a Lithium Company two-sta 
metals for precision forging and rolling. 


fe hot atmosphere recuperative furnace for scale-free heating of ferrous and non-ferrous 
he segmented conduit, a Lithium Company  ¢ is made of Norton CRYSTOLON 
tongue and groove tiles. Fired shapes of this same material form the side walls. Burner bloc 





is of aLUNDUM refractory material. 


Lithium Company specifies long-life ALUNDUM* and 
CRYSTOLON* refractory shapes for its atmosphere furnaces 


The Lithium Company of Newark, 
N. J., well-known builder of atmosphere 
furnaces, reports excellent results from 
Norton refractories. 

The Lithium designed refractory 
shapes are Norton crysroton Silicon 
Carbide, They were selected for their 
hot strength, high refractoriness, thermal 
conductivity, and low thermal expan- 
sion. They give long, trouble-free serv- 
ice life at temperatures up to 2900°F. 
ALUNDUM refractory material was the 


choice for the burner block because of 


its high refractoriness and resistance to 
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chemical influences at temperatures up 


to 3450°F. 


For your own furnace operations 


It will pay you to investigate how 
Norton R's engineered and pre- 
scribed refractories — can help you save 
time, work and money. See your Norton 
Representative or write to NorTon 
Company, Refractories Division, 322 
New Bond Street, Worcester 6, Mass. 
Canadian Representative: A. P. Green 
Fire Brick Co., Ltd., Toronto 5, Ont. 





REFRACTORIES 
Engineered... .... Prescribed 


Qllsking better products... 
to make your products better 


*Trade-Morks Reg. U. S. Pat. Off. and Foreign Countries 














filtration for 


depth-type 
type oils, have been offered. 


detergent- 


For further information circle No. 635 
on literature request card, p. 36-B. 


Tube Furnaces 

New high-temperature electric tube 
furnaces, available for, two and four 
tubes, have been announced by Bur- 
rell Corp. They are recommended for 
high temperature combustion in the 
determinations of carbon or sulphur 
in ferrous and nonferrous metals. A 
large air space between inner and 
outer housings provides extra cool 
operation with continuous operation 
at high temperatures. The entire in- 





Brief 


unit is 
heating-up time is achieved through 
a combination of extra large silicon 
carbide elements, ample transformer 
size and heavy insulation of low heat 


sulation replaceable. 


capacity. Working temperatures can 
be changed quickly, up or down, to 
suit different jobs. For high temper- 
ature testing, continuous operation up 
to 2650° F. is recommended for good 
element life. Construction is of heavy 
gage steel, finished in grey hammer- 
tone. Tube holders are built in. Three 
available for two or 


sizes are one, 


four tubes up to 1% in. o.d 


For further information circle No. 636 
on literature request card, p. 36-B. 


Beryllium-Copper Wire 

Little Falls 
a new high-conductivity beryllium cop- 
0.5% 


cobalt and the balance 


Alloys has announced 
per wire. It is composed of 
beryllium, 2.5% 
copper. The wire has 65 to 70% con- 
ductivity of resist 
fatigue flexing vibration 
withstand higher temperatures 
than ordinary copper wire. It comes 
with a light silverplating which makes 


and will 


and 


copper 
from 
and 


it easy to so'der. This plating also 
makes it possible to apply the insulat- 
ing materials that require higher cur- 
than 


is available 


ing temperatures tinned wires 
stand. It in all fine 
wire gages in solid or stranded form. 


can 


For further information circle No. 637 
on literature 


request card, p. 36-B. 





Iridium Radiography 
The Gamma Corp. has announced a 
new device for the remote handling 


of iridium 192 in industrial radi- 
ography. The 
iridium isotron 


allows sources of 
up to 75 curies to 
be exposed at dis- 
tances up to 50 
ft. from the op- 
erator, who can 
expose the source 
while remaining 
behind a concrete 
wall or personnel 
shield. The 
tron is designed 
for panoramic 
exposures, where several specimens 
are arranged around the source and 
shot simultaneously, and internal ex- 
posures, where the source is exposed 
within a cavity in the specimen and 
the film wrapped around the outside, 
The machine is portable, requiring no 
power, and weighing only 125 lb. Ex- 
posure times compare with those for 
X-ray equipment. 


iso- 





For further information circle No. 638 
on literature request card, p. 36-B. 


Ultrasonic Inspection 
and Cleaning 

Met-L-Chek Co. has announced the 
use of ultrasonic vibration with their 
penetrant method. 
It can also be used for general surface 


visible inspection 





cleaning when the ultimate in soil re- 
moval is desired for plating, painting 


and other High speed 
vibration greatly accelerates penetra 
tion, water washing to remove excess 
penetrant 
flaw 


processing. 


dye and 


indications 


development of 


For further information circle No. 639 
on literature request card, p. 36-B. 


X-Ray Microscope 

General Electric Co. has announced 
an instrument that will magnify and 
than the hu 
man eye can see. The device magnifies 
up to 1500 X and permits the study 
of grain structure in metals. The 
principal feature of the instrument is 


X-ray subjects smaller 








NOT THES SIZZLE! — 


THE TOUGHEST STEAK 
CAN "SIZZLE", BUT OFFER 
LITTLE SATISFACTION TO 
THE TASTE BUDS 


YOU HEAR A LOT OF “SIZZLE” 
today about rolled heat resisting 
alloys, too. What you're really in- 
terested in is performance, though, 
and that requires not one but a 
combination of properties. That's 
Fp) comes in.) alloys are 
tailored to have the combined 


properties required for perform- 


where 


ance at elevated temperature. 


& OFFERS A SELECTION of qual- 
ity rolled heat resisting alloys for 
use at 1000" to 2100°F, Large 
inventories of 400 mill forms are 
maintained for immediate ship- 
ment. Technical assistance is avail- 


able to solve specific problems. 


WHEN YOU NEED ROLLED HEAT 
RESISTING ALLOYS, think first of 
Rolled Alloys, Inc. Save time and 
money with the service and quality 
available only from specialists. 

r SEND FOR OUR MONTHLY STOCK LIST 5 


LET OS RECOMMEND THE BEST ALLOY 
FOR YOUR HEAT RESISTANT PROBLEMS 


RA 330 RA 310 RA 309 RA 430 RA 446 


fietstabisors, Ie. %. 


and Cortomon Ktmsisnl Alby Spacuaheald 


0 CELLO avira, OFTRONT 
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A NEW HIGH QUALITY 
WIDTHS UP TO 36 INCHES 
13 STANDARD COLORS 


When you fabricate from COLORWELD Coil you 
eliminate the difficulty and expense of finishing 
individual parts in your paint department. Pre- 
finished COLORWELD Coil is ready to be fed 
into roll forming equipment, press brakes, draw 
presses, or punch presses, with completed parts 
going directly to assembly or shipping rooms. It 
won't scratch, peel or chip during most fabrication 
stresses. Delivered in easy-to-handle coils or 
sheets, COLORWELD is available in widths rang- 
ing from V2” to 36”, in thicknesses from .016 to 
.040, slit to your width specifications. It can be 
coated on one side or two in any of thirteen stand- 
ard colors. Now hundreds of new items can be 
made better and more economically with this new, 
wider width, It will pay you to try COLORWELD 
Coil in your manufacturing operation. 


SOUTHERN STATES IRON ROOFING COMPANY 


fice P 


?, Savannah, Georgia 
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New From Lindberg 


UNITIZED 
ATMOSPHERE 
FOR RESEARCH 


Visit Lindberg at ASTE Show, 
Booth 666, and ASM Western 
4 Metal Exposition, Booth 334. 









Complete Unitized 
Atmosphere Equipment 


EQUIPMENT: A newly developed laboratory generator is 


used in combination with small laboratory furnaces. This 
new generator is the first offered to efficiently produce the 
limited quantities of atmosphere needed in laboratory work 
A pot crucible furnace, type CR-5, is used to act as a heat 
source for the catalytic reaction. The atmosphere produced 
may be employed in various types of furnaces 


PERFORMANCE: py completely dissociating raw liquid 


anhydrous ammonia over a heated catalyst, a bone-dry 
Hyam atmosphere of 75°, hydrogen, 25° nitrogen is pro- 
duced at the rate of 35 cu. ft. per hour. The dew point is 
minus 60° F 


APPLICATIONS: Research and contro! laboratories, espe- 
cially in the fields of metal, ceramics and chemicals, will find 
this unitized atmosphere useful for experimental purposes 
It may also be used for bright hardening, tempering, nitriding 
and brazing on short production runs 

For detailed information on this equipment, see your 
Lindberg laboratory equipment dealer, or write for our 
“Report on the use of Protective Atmospheres in Laboratory 
Type Furnaces.” 


LABORATORY EQUIPMENT DIVISION 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street © Chicago 172, Illinois 























an electrostatic lens system that pro- 
vides an X-ray source 1/300 the size 
of a human hair. This is important 
because the larger the X-ray source, 
the lower the potential magnification 
of specimens. 

For further information circle No. 640 
on literature request card, p. 36-B. 


Furnace 
The Waltz 
nounced a car-bottom electric furnace 
for preheating and stress relieving 
stainless steel valves prior to welding. 


Furnace Co. has an- 





Its temperature range is up to 1800° 
F. It is 6 ft. long by 5 ft. wide by 
5 ft. high. Material is treated on a 
car driven by electric motor. 


For further information circle No. 641 
on literature request card, p. 36-B. 


Hardness Tester 

George Scherr Co. has announced 
the development of a combined hard- 
ness tester and measuring microscope. 
A Leitz micro-hardness tester makes 
indentations invisible to the naked 
eye by means of a Vickers diamond. 
This small indentation is visible at 
100X magnification. Measurement of 
the indentation is by means of a grad- 
uated ocular enabling the measure- 
ment of the indentation to 0.0005 mm. 
When intended for use as a measur- 
ing microscope, the 100X magnifica- 
tion lens 


is used. A micrometer cross 





slide stage, equipped with 1 in 
micrometer drums graduated directly 
in 0.0001 in. without vernier, with a 
total measuring range of 2 by 1% in. 
has been fitted to the instrument. 


For further information circle No. 642 
on literature request card, p. 36-B. 


Input Controller 

Automatic Temperature Control Co. 
has announced improvements in de- 
sign of their input controllers. Tim- 
ing cams and contact arms are now 
made of precision-molded nylon, sub- 
stantially reducing wear, noise and 
friction. Need for lubrication is elim 
inated by an oiled-for-life rotor on 
the synchronous motor. Selector knob 
maintains setting through heavy wire 
spring stressed against dial cam to 
absorb vibration. Larger contacts per- 
mit heating loads up to 4.6 kw. with 
out the use of external contactors. 


For further information circle No. 643 
on literature request card, p. 36-B. 


Parts Washer 

A small parts washer that is fired 
by a radiant heat system has been 
announced by Burdett Mfg. Co. It is 
available in 100,000, 129,000 or 158,- 
000 Btu. per hour. Tank capacity is 





about 50 gal 


Temperature of the 
cleaning liquid will rise from 50 to 
200° F. in approximately 1 hr. The 
tank is of heavy gage welded steel 
construction with 
forcements. 


structural rein 


For farther information circle No. 644 
on literatare request card, p. 36-B. 


Heat Exchangers 
Shell and tube heat 
have been announced by Heil Process 
Equipment Corp. for use in maintain 
ing the low (20 to 30° F.) operating 
temperatures required for the hard 
coating type anodizing 


exchangers 


processes 


These can be adapted to standard 
plating units. Less heat transfer sur- 
face was required because of the 
greater heat transfer rate obtained 
from the forced flow through the im 





pervious graphite external exchang 
ers, Other favorable features are the 
elimination of possible stray current 
attack and the use of smaller tanks, 
since no tank space is used by this 
type of exchanger. 

For further information cirele No. 645 
on literature request card, p. 36-K. 


Spectrometer 

Baird Associates has announced 
modifications in its direct reading 
spectrometer to provide fast spectro 
chemical analysis on the foundry or 
metal fabricating floor. It will give 
percentage readings on six element 
in less than 2 min. It can give co 
tinuous quality control analyses of a 
metal production stream, and ji 
adaptable for use with mixtures con 
taining bases of either ferrous or non 
ferrous metals. Its critical instru 
ments are sealed in a leaktight tub« 
12 in. in diameter and 12 ft. long. The 
instrument uses an original 4-in, dif 
fraction grating having a 
focal length and 15,000 lines per in 
\ first order spectral range of ap 
proximately 2000 A is available at th 
focal curve. Problems requiring se 
ond order spectra can be set up with 
1000 a available. 


3-meter 


For further information circle No. 646 
on literature request card, p. 36-1. 


Band Saw 

Two new metal cutting band saws 
have been announced by W. F. Wells 
& Sons. These new saws are equipped 
with a variable speed drive, providing 
speeds from 50 to 290 fpm. A grad- 
uated metering valve permits choice 
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MADE FROM 


ALUMINUM, BRASS, STEEL STRIP 
IN ANY DIAMETER 
INTERCHANGEABLY wits the 


NEW THERMATOOL 








ar, , ad 


mete 


\. Vs 


4 p \" \" 





If you use or make tubing in any form, you owe it to yourself to investigate this 
far-reaching development in tube welding which permits the manufacture of 
all kinds of tubing from strip, even with copper with 100% conductivity, 
on a continuous basis at great savings in time and money. No change in 


the weld head is required to change diameters or type of metal! 


we Rao:\ EXCELLENT DRAWING QUALITIES 


\ The above samples of 114 inch aluminum tubing made by the Thermatool 
\ Method and drawn in steps down to % inch with no effect on the weld, is 
\ graphic evidence of another reason why engineers, tube mill manufacturers, 
| and producers are placing orders for one of the most important basic devel- 
\ opments in tubing in years, Send for details of the Thermatool Method of 
tube welding today. 






| gaoeeet® 
nn 


® If you are inter- . 
ested in high frequency 

heating in any form, send for this EW iH L i TOOL ORP 

interesting booklet which explains N RO E L RATION 

many other facets of Induction and 

ws Snare Heating including the use 320 MAIN STREET bd NE. 2-5555 ° NEW ROCHELLE. N. Be 

of motor generators and vacuum 

tube units of all capacities and ENGINEERING e DEVELOPMENT «¢ MANUFACTURING e MARKETING 

sizes made and sold by New 

Rochelle Tool Corp. OF INDUCTION, DIELECTRIC AND ELECTRIC HEATING EQUIPMENT 
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of prope: 


blade speed and pressure. 
Both of these new models provide full 
hydraulic operation, all welded steel 
bases, welded one-piece cutting head 
and large capacity coolant and chip 
tray. 

For further information circle No. 647 
on literature request card, p. 36-B. 


Spray Booth 

The Despatch Oven Co. has an 
nounced a new water spray paint 
booth. type of baffle 
chamber, the water wash paint spray 
booth provides a positive air cleaning 


Using a new 


action that prevents paint pigments 


and volatiles from reaching the ex- 


a 





“| BF Cater Or 
ee 





haust stack or the outside of a build- 
ing. The new air scrubbing chamber 


features a_ specially-designed spray 


header mounted within two curved 


baffle plates. 
into the 


When water is pumped 
forth in 
three directions from three rows of 
orifices and strikes the baffle plates, 


header it sprays 


building up a violent spray turbulence 
that removes most of the paint. 


For further information cirele No. 648 
on literature request card, p. 36-B. 


Thermocouple Wire 

Thermo Electric Co. has announced 
insulated 
metal clad thermocouple and thermo- 


its new magnesium-oxide 


couple extension wires. They are made 








in a variety of thermocouple mate- 


rials in several gages and outside di- 


ameters and in different types of 


seamless metal tubing. The thermo 


couple wires are made in lengths up 
to 30 ft. and the extension wires in 
varying lengths up to 2000 ft., depend 
ing upon the type of metal tubing and 
outside diameter. Extensions or ther 
mocouples made of Ceramo wires will 
fit into openings that are too small for 
ordinary 
they can be 


Furthermore, 
easily to any 


most wires. 
formed 
configuration without short-circuiting 
For further information circle No. 649 
on literature request card, p. 36-B. 


Vacuum Furnace 

A new 30 lb. induction-heated vac 
uum furnace has been announced by 
Available 


horizontal 


Naresco Equipment Corp 


with either a vertical or 


shell, it is a completely self-contained 


furnace for research and development 


purposes. Among its features are a 


co-axial power feed-through and 


means for adding additional charge 
material or alloying material during 
melting without losing the vacuum 

For further information circle No, 650 
on literature request card, p. 36-B. 


Vinyl-on-Metal Laminate 
4 new vinyl-on-metal laminate ma 
terial which combines the corrosion 


resistance of vinyl plastic with the 
formability of metal is being made in 
coil form by Enamelstrip Corp. The 
new laminate can be 


bent, 


deep drawn, 


sheared, crimped, embossed, 
drilled, roll formed and punched, using 
standard tools, without damage to the 
bond. It 


sionally stable up to 250° F. and will 


coatine or remains dimen 


not support combustion. It will take 
more than 40 psi. in lap-off tests 


For further information circle No. 651 
on literature request card, p. 36-K, 














A simple method of 
controlling temper- 
atures in: 


© WELDING 

* FLAME-CUTTING Also 
© TEMPERING available 
© FORGING in pellet 
* CASTING and 
* MOLDING liquid 
*® DRAWING 


form 
© STRAIGHTENING 


© HEAT-TREATING 
IN GENERAL 


It's this simple: Select the 
Tempiistik® for the working 
temperoture you wont. Mark 
your workpiece with it, When 
the Tempilstik® mork melts, 


the specified temperoture has gives up 
been reached. te 2000 
readings 





Available in these temperatures ( F) 





+ 7 
3 263 | 400 950 1500 
125 275 450 1000 1550 
138 288 $00 1050 1600 
150 300 550 1100 1650 
~~ 313 600 1150 1700 
198 325 650 1200 1750 


200 338 700 1250 1800 
213 350 750 1300 1850 
225 363 800 1350 1900 
238 375 650 1400 1950 
250 388 900 1450 2000 


PREP —Tempil® “Basic Guide 
to Ferrous Metallurgy” 
— 16%,” by 21” plastic-lominated wall 


chart in color. Send for somple pellets, 
stating temperature of interest to you. 


ele): ile) 
*¢ SERVICE 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies « industrial Furnaces & Ovens 
Pyrometers & Controls * Metallurgical Testing Machines 

613 West 20th Street, Chicage 16, Iilinols 
202) Hemilten Avenue, Cleveland 14, Obie 


° : 
Tes ‘ mode 405 ee. | 
J hes 
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SO TS TT oF 


OlL FLOWS RAPIDLY cround parts in quench 
bath at Columbus Bolt & Forging Co., for quick, 
uniform heat extraction. Agitation is provided by 
two %-HP propeller-type LIGHTNIN Mixers. 





Here’s help on QUICK QUENCHING 
to improve quality, cut rejects 





If you want to improve quenching 
results by stepping up quench rates, 
we welcome the opportunity to 
work with you. 

Tests by leading steel producers 
prove you can increase hardness 
depth and dimensional! stability, 
reduce retreating and rejects, by 
using LIGHTNIN Mixers in the 
quench bath. 

These mixers give you a much 
higher rate of fluid flow in the bath 
than you get with other methods 
using comparable power input. 
Fast flow gives rapid, uniform cool 
ing from all surfaces of the metal, 
without exposure to room air. Asa 
result, you improve mechanical 
properties, reduce warpage or 


cracking, get better machinability. 





LIGHTNIN Mixers for quench 
baths are approved and recom- 
mended by major steel companies; 
used in many plants. You can get 
LIGHTNINS for standard quench- 
ing, martempering, austempering; 
for batch or continuous processing; 
for use in existing quench tanks, 
and as components of furnaces with 
enclosed quench tanks. Many types 
of LIGHTNINs are available, in a 
full range of sizes up to 500 HP 
per unit. 

For information on the number, 
size, cost, and type of LIGHTNIN 
Mixers you will need to get the 
results you want, write us, briefly 
describing the quench operation. 
For catalog information on LiGurt- 
NIN Mixers, use the coupon below 





Surface Combustion Corporation 


MACHINING ACCURACY of gears, pinions, 
and shafts is maintained, and distortion mini- 
mized, by rapid mass marquenching ofter car 
burizing, in this Alicase furnace equipped with 
extra large quench tank and twin LIGHTNIN 
Mixers. 





"eaten trheheaibeeteeeaetehenaen eee aetna erento ieee etree 7 
| MIXING EQUIPMENT Co., Inc. 171-c Mt. Read Bivd., Rochester 11, N.Y. | 
In ida: M A 
Canada: Greey Mixing Equipment, Lid., 100 Miranda Ave., Toronto 10, Ont | RAPID DEGREASING, TOO. Cleaning ond 
degreasing parts in o LIGHTNIN- agitated sol- 
| (_] DH-50 Laboratory Mixers Please send me, without obligation, vent both le 50%, faster than wows yet mal 
| (J DH-51 Explosionproof catalogs checked at left. j The LIGHTNIN Mixer gives fast, thorough turn- 
| Laboratory Mixers N | over of solvent for uniform cleaning without 
ame hand scraping or scrubbing and at low - 
| CJ 8-102 Top Entering Mixers | oting cost. 9 . — 
| (turbine and paddle types) Title | 
| [] 8-103 Top Entering Mixers | 
| (propeller type) Company | . e® @ 
| [_] 8-104 Side Entering Mixers Address | S19. OT 
| [_] 8-107 Mixing Dota Sheet Ci | e 
1 (2) 8-108 Portable Mixers Ny | 
| (electric and air driven) Zone | 
| (CL) 8-109 Condensed Catalog ) 
+ (complete line) State y MIXCO fluid mixing specialists 
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IN MANUFACTURERS’ LITERATURE 





667. Abrasive Wheels 

Operating suggestions and recommend- 
ed wheels for finishing stainless. Manhat- 
tan Rubber Div 


668. Air-Gas Mixer 

Bulletin L-700 gives engineering and 
application data on air-gas proportional 
mixer. Eclipse Fuel Eng’g 


669. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS, 
WAD and PWA chromium and chromi- 
um-nickel stainless specifications. Can- 
non-Muskegon 


670. Alloy Specifications 
Charts of chemistry, properties, speci- 

fication designations of copper and alu- 

minum alloys and babbitts. Lavin 


671. Alloy Steel 

l6-page book on type 9115 low-allo; 
high-strength steel Seonentite fabrica 
tion, welding. Great Lakes Steel 


672. Aluminum Alloy 

Bulletin 103 on high strength aluminu 
alloy which ages at room temperature 
Federated Metals Div 


673. Aluminum Alloys 

6§2-page catalog gives standard alumi- 
num products and new alloy designation 
system. Tables of chemical compositions, 
sheet bending. Adam Metal Supply 


- . 
674. Aluminum Bronze 

Folder on the vacuum die casting proc- 
ess and castings made by it. Aurora Metal 


675. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co 


676. Aluminum Extrusions 
28-page book on extruded aluminum 


p oducts. Design, tolerances, applications 
Revere 


677. Aluminum Melting 
Folder on electric furnaces for the alu- 
minum alloy foundry. Ajax Engineering 


678. Aluminum Strip 

20-page booklet on how it is made, sizes 
and weights of coils. Technical data on 
aluminum alloys used. Scovill 


679. Annealing Titanium 

Data on annealing titanium parts in 
high vacuum furnace. High Vacuum 
Equipment Corp 


680. Are Welding 


New 16-page catalog on equipment and 
accessories for tungsten arc welding proc- 
ess. Air Reduction Sales Co 


681. Atmosphere Furnace 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding, 
gas carburizing, clean hardening or car- 
bon restoration. Dow Furnace 


682. Atmosphere Furnace 

12-page bulletin on electric furnaces 
with atmosphere control for hardening 
high speed steel. Sentry 


683. Atmospheres 
Bulletin 439 on exothermic atmosphere 
generators for converting natural gas 


manufactured pas propane or butane 
W. S. Rockwel 





684. Atmospheres 


Bulletin 1-10 supplies technical infor 
mation on inert gas generators and data 
on costs. C. M emp Mfg 


685. Barrel Finishing 


12-page booklet on techniques and 
yroducts. How it works, parts that can 
be barrel finished and operations the 
method performs. Minnesota Mining and 
Mfg. Co 


686. Basic Materials 

24-page booklet on Alundum, Crystolon 
Magnorite, Norbide, zirconia, carbides 
borides and other basic materials. Prod 
ucts made from them are listed. Norton 


687. Bearings 

27-page bulletin, S-53, on self-lubricat 
ing bronze bearings, core and bar stock 
Amplex Division 


688. Beryllium 

20-page booklet describes beryllium 
products, including the pure metal, oxide 
and alloys. Beryllium Corp 


689. Black Oxide Coatings 
8-page booklet on black oxide coatings 

for steel, stainless steel and copper alloy 

Du-Lite 

690. Brass Bearings 


New 24-page catalog on 600 series bear 
ing alloys. Description of alloys, typical 


parts, properties, machining Mueller 
Brass 
691. Brazed Tubing 


12-page data book on brazed tubing 
made from copper coated steel. Bundy 


692. Brazing 

Discussion of brazing of SAE-1010 bi 
eycle forks in a mechanized salt bath 
furnace. Ajax Electric 


693. Brazing Alloys 


Bulletin on application of six types of 
copper and silver brazing alloys. United 


Wire & Supply 
694. Brinell Machine 


Data on semi-automatic Brinell testing 
machine. Detroit Testing Machine 


695. Burners 

Bulletin gives operation, applications 
dimensions, output of oil burners. Ther 
mal Research & Engineering Corp 


696. Carbides 

4-page folder on die grades of cemented 
carbides for drawing Tieng forming 
heading, notching, piercing, punching 
Kennametal 


697. Carbon Brick 

Bulletin on properties, grades, applica 
tions of carbon and graphite brick for 
handling corrosive chemicals and molten 
metals ational Carbon 


69%. Carbon Control 

Technical report on instrument for con 
trol of carbon potential of furnace atmos 
pheres. Lindberg Eng'g 


699. Carbon Dioxide 

Booklet gives uses of carbon dioxide in 
industry. Liquid Carbonic Corp 
700. Carbonitriding 

28-page booklet on nature of process 


furnaces, atmospheres, parts carbonitrid 
ed and properties. Armour Ammonia 


701. Carburizing 
Bulletin on carburizers for pack ca: 
burizing. Park Chemical 


702. Carburizing 

16-page booklet on Oyp-cosburizing 
processes and equipment. Discussion o 
suspended carburization, carbon restora 
tion. Surface Combustion 


703. Casting, Precision 

12-page book on alloy selection and de 
sign for precision casting. Arwood Preci 
sion Casting Corp 


704. Castings 
New 16-page booklet, “Cast to Outlast 


Destructive Service”, gives latest infor 
mation and case histories on use of sand 





666. Quenching 


“Improved Quenching of 
Steel by Propeller Agitation” is 
an attractive 24-page book con 
taining tabular and graphic data 
on power requirements for pro 
peller agitation and effective 
ness of agitated quench baths in 
addition to the more general 


method of heat 


discussion of 





transfer and means of quench 
ing. One section of the book 
deals with the engineering of 
propeller agitation installations 
and takes up positioning and 
number of agitators in cylin 
tanks 
rypical Ox umnple s using from | 


drical and rectangular 
to 26 prope llers in various posi 
different quenching 
ywroblems ure discussed and il 


ustrated [ S. Steel 


tore for 











centrifugal and precision investment cast 
ings. International Nickel Co 


705. Castings, Bronze 
16-page booklet on sand and centrifugal 
castings. American Non-Gran Bronze 


706. Cemented Carbides 

New 2)-page catalog of complete line 
of cemented carbide blanks. Firth-Loach 
Metals, Inc 


707. Cemented Carbides 
24-page catalog on selection of cement 
ed carbide grades and cutting speeds for 
various steels, nickel, copper 


alloys 
Carboloy Dept., General Electric 
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INDIVIDUAL HANDLING ...one good reason 





grain size order after order 


HERE are good reasons for the uniform grain 

size in every piece of Timken" forging steel, as 
shown in the photomicrograph above. And good 
reasons, too, why you get the grain size you want 
order after order. 


Your order for Timken forging steels is handled 
individually in our mills and we target conditioning 
procedure to your particular forging requirements. 
In the top photo, a billet is stamped to identify the 
heat and ingot it came from—one way we can make 
sure you get uniform grain size from shipment to 
shipment. 





YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH 


Uniform grain size after heat treatment is assured 
by spectrometric or microscopic examination of 
every heat. The result—you can be sure that forgings 
made from Timken forging steels have uniformly 
high ductility and resistance to impact. 

You have fewer furnace temperature adjustments 
when you use Timken forging steels. Every lot re- 
sponds uniformly to heat treatment because every 
lot has the same physical and chemical properties. 
Always specify Timken forging steels. The Timken 
Roller Bearing Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: “TIMROSCO”,. 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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708. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals 


Allied Research Products 
709. Chromium Plating 


Booklets on how to chromium plate and 
anodes for the process. United Chromium 


710. Cleaner 

Folder gives data on metal cleaners for 
use with water in still-tank or spray- 
washing equipment. Solventol 


7il. Cleaners 
Folder on immersion, electrolytic, spray 
cleaners, phosphate coaters, strippers 
drawing compounds, additive agents 
Northwest Chemical 


712. Cleaning 

Bulletin on equipment for cleaning and 
pickling of shell cases and other ordnance 
items. Alvey-Ferguson 


713. Cleaning 

Data sheets on acid activators to pro- 
mote removal of scale and oxides fon 
steel and iron. Swift Ind. Chem 


714. Cleaning 

28-page catalog, B-9, on corrosion-re- 
sistant baskets, racks, crates and tanks 
and other fixtures for cleaning and finish- 
ing. Rolock 


715. Cold Rolled Steels 
32-page booklet on stainless, alloy and 
carbon spring steels, and other special- 
ties. Melting, temper, finishes. Crucible 
Steel 


716. Cold Treatment 

Bulletin on sub-Arctic industrial cab- 
inets for metal treating and research and 
production testing. Tenney Eng 


717. Colored Coil 


Folder on aluminum, steel or other me- 
tallic coil finished in permanent colors 
Southern States Iron Roofing Co 


718. Combustion Control 
20-page booklet on combustion of vari- 
ous fuels and portable instrument to 
measure content of oxygen and combus- 
tibles. Cities Service Oi 


719. Copper Alloys 
64-page book on free-cutting brass 
copper and bronze. Chase Brass 


720. Copper Alloys 

New 48-page book contains tables of 
alloys with composition, typical uses 
general, working, mechanical, electrical 
properties, hardness, ASTM specification 
numbers. Revere 


721. Corrosion Resistance 

Data sheet compares corrosion proper 
ties of Elgiloy and stainless steel Elgin 
National Watch Co 


"me ‘ . : 
722. Cutting Oil Chart 

Selection chart for seven classes of 
metal in nine machining operations 


Aldridge Industrial Oils 


723. Deburring 

Catalog of tools for burr removing and 
chamfering of drilled holes, inside tubing, 
ends of rods. Nobur Mfg. Co 


724. Degreasing 

34-page booklet on vapor degreasing 
Design, installation, operation and main- 
tenance of equipment. Circo Equipment 


725. Desealing 

Bulletin on new machines for descaling 
steel sheets, plates and coils after hot 
rolling or heat treating. Pangborn Corp. 


726. Descaling Stainless Steel 
Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


727. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


728. Die-Casting Machines 
Copies of “Lester Press” describe vari 
ous features of aluminum die casting 
machines. Lester-Phoenix, Inc 


729. Die Sets 
New catalog shows complete line of 
ball bearing die sets. Lempco Products 


730. Electric Are Furnace 
Carbon and Graphite News contains an 

article on the electric arc furnace, an 

appraisal for management. National Car 
on 


731. Electric Furnaces 

Brochure on electric heat treating 
melting, metallurgical tube, research and 
sintering furnaces. Pereny Equij ment 


732. Electric Furnaces 

New bulletin on electric heat treating 
furnaces gives summary of progress in 
furnace developments. Holcroft 


733. Electric Furnaces 

Bulletin 441 on box-type electric fur 
naces diagrams and describes the fur 
naces and lists specifications. Hevi Duty 
Electric Co 


734. Electrode Control 

4-page bulletin 162 on system of hy 
draulically positioning arc furnace ele: 
trodes. Askania Regulator 


735. Extrusion Presses 

8-page bulletin on aluminum extrusion 
presses describes the process and press« 
at work. Watson-Stillman 


736. Filler Metal 


New colored chart gives complete line 
of filler metals for welding, metal each 
is suited to, forms available and methods 
with which it is used. Arcos Corp 


737. Finishin 

52-page book “Advanced Speed Finish 
ing’ describes equipment for deburring 
and finishing. Almco Div 


738. Finishing Barrels 


12-page catalog of horizontal and tilt 
ing tumbling barrels. Globe Stamping 
Div 


739. Flow Meters 


Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng'g 


740. Forgings 

20-page booklet on forgings. Sections on 
nomenclature, design layout, die design 
and tolerance tables. Consolidated Indus 
tries, Inc 


741. Forgings 

94-page book on die blocks and heavy 
duty forgings. 20 pages of tables. A. Fink! 
& Sons 


742. Forgings 

Catalog on forgings from copper, cop 
per alloys and aluminum alloys. Compo 
sitions of alloys, properties, electrical 
conductivity, tolerances and specification 
numbers. Scovill Mfg., Forgings Dir 


743. Forgings 

Handsome 32-page brochure on large 
forgings for turbine shafis, rotors, drop 
hammer anvils, rolls. U. S. Steel 


744, Freezer 
Data on chest for use down to —95 
for production use and testing. Revco 












Ductility Te 


quick & easy 


The turning of a single hydraulic 
control knob clamps the specimen, 


tests it, then releases it. The test is made 

in plain view, and the maximum pressure indicators show the 
result until reset. This highly sensitive sheet metal 

tester will take up to %" thick specimens and exert up to 
30,000 pounds pressure, at any desired rate of speed 
Hydraulic mechanism is all neatly enclosed 


Write for catalog sheet and prices. 


DETROIT TESTING MACHINE COMPANY 





9384 Grinnell Ave., Detroit 13, Mich. 
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for industrial radiography 







Whether your inspection problems include 
> high-quality production radiography 
of 42-inch to 5-inch steel sections 
> aluminum, bronze, or stainless steel 
> panoramic x-ray exposures of weld- 

ed seams or groups of castings 
> detection of hairline cracks or of 
microporosity 


The model JR is the answer 


> with its constant-potential one-mil- 
lion-volt radiation, by means of its 










































See this new unit 







at the l-mm x-ray focal spot 
Western Metal Exposition > with sturdy design requiring no ex- 
ternal cooling, no auxiliary ap- 
Los Angeles, Colifornia paratus , - 2 
March 28 | 0 April 1 > well suited for complete transporta- 





__., bility or cabinet type installation 











cost — $25,000 for x-ray gener- 
Or, compiete controls, and super- 
fision of installation (less mount). 


Send for Bulletin JR 










The compact control sys- 
tem of the Model JR is 
portable and easy to 
operate. 






a..* 


High VOLTAGE ENGINEERING CORPORATION 


RSITY eer Ge) AMBRIDGE 6 MASSACHUSETTS 
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745. Furnace 

Bulletin on Karbo-matic furnace for 
carbonitriding, dry cyaniding or auto- 
matic hardening. Pacific Scientific 


746. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other applications. Ashworth Bros. 


747. Furnace Charging 

12-page brochure on eight models of 
charging machines for heating and melt- 
ing furnaces. Salem-Brosius 


748. Furnace Construction 

New catalog on suspended walls and 
arches for industrial furnaces. Bigelow- 
Liptak Corp 


749. Furnace Controls 

22-page booklet on instruments and 
controls for heat treating furnaces. Hays 
Corp. 


750. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood Corp. 


751. Furnaces 

40-page book describes gas and electric 
furnaces and applications. Four basic 
types of atmospheres. Glossary of heat 
treating terms. Westinghouse 


752. Furnaces 

Folder describes complete set up for 
heat treatment of small tools, including 
draw furnace quench tank and high tem- 
perature furnace. Waltz Furnace 


753. Furnaces 

12-page brochure on car furnaces of 
apecial and conventional design. Jet 
ombustion 


754. Furnaces 

Bulletin on specially designed contin- 
uous production furnaces for brazing, 
sintering, heat treating, melting, forging 
etc. Harper Electric Furnace 


755. Furnaces 

6-page folder on gas-fired, oil-fired and 
electric furnaces. Typical installations 
Electric Furnace 
756. Furnaces 


High temperature furnaces for temper- 
atures up to 2000° are described in 
bulletin. Carl-Mayer Corp 


757. Furnaces 

Series of bulletins on controlled at- 
mosphere, carburizing, nitriding, harden- 
ing furnaces. American Gas Furnace 


758. Furnaces 
Data on electric furnaces of top or side 
loading types. Lucifer Furnaces 


=a . 
759. Furnaces 

8-page bulletin on continuous, car-type, 
reverberatory, recirculatin and other 
furnaces. Demsey ladustetal Parnace 


760. Furnaces, Heat Treating 

32-page catalog on high-s gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones 


761. Gages 
Data sheets on vacuum gages, direct 
reading, continuous measurement, con- 


trol circuits. Consolidated Vacuum 


762. Gas Analysis 

New Bulletin No. 306 on gas analysis 
kits for on-the-job determinations of 
carbon dioxide or oxygen in flue gases, 
furnace atmospheres and other gas mix- 
tures. Burrell 


763. Gas Analysis 


Data ——) ~ purity and trace impurity 
analyzer. G 


ow-Mac 


Instrument Co 


764. Globar Furnaces 

Bulletin 153 describes nine types of 
furnace using silicon carbide heatin 
elements for temperatures to 2600° r 
Hevi Duty 


765. Gold Plating 

Physical, thermal, chemical, electrical, 
diffusion and optical properties of elec- 
troplated gold. Uses. Technic, Inc. 


766. Graphite 

New 20-page brochure on significance 
of graphite as electrodes, anodes, molds 
and specialties in electrometallur and 
electrochemistry. Great Lakes Carbon 


767. Grinding Magnesium 
Data on how to grind and polish mag- 
nesium alloys includes grinding wheel 
recommendations, procedures, dust col- 
lection and safety precautions. Norton 


768. Handling Devices 
Pamphlets on clamps for lifting and 
handling. Their application to various 
industries. Merrill Bros. 


769. Hard Surfacing 

New 16-page book on “Electrolizing” 
tells what the process is, how it can be 
used, and advantages. Electrolizing Corp 


770. Hardness Numbers 
Pocket-size table of Brinell hardness 

numbers incorporating other tabular in- 

formation. Steel City Testing 


771. Hardness Tester 

20-page bulletin on use of portable 
hardness testers and accessories. Ames 
Precision Machine 


772. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


773. Hardness Tester 

New 4-page folder on portable Brinell 
hardness tester which can be used in any 
position. Details of machine and its oper- 
ation. Andrew King 


774. Hardness Tester 

Bulletin on hardness tester for all reg- 
ular and superficial Rockwell tests. Kent 
Cliff Div., Torsion Balance Co 


775. Hardness Testers 

Bulletin No. A-12 on new Wolpert 
Gries machine for making Rockwell hard 
ness tests. Gries Industries 


776. Heat Processing 

Bulletin answers questions: what is to 
be heated, what sections are to be heated, 
why the material is to be heated, to what 
temperature and for how long. Selas 


777. Heat Resistant Alloy 

10-page article on how to get best serv- 
ice out of standard grades of heat re- 
sisting alloys by proper selection. Rolled 
Alloys 


778. Heat Treating 

Data on how to heat, quench, wash and 
temper automatically. Metalwash Ma- 
chinery 


779. Heat Treating Ammonia 
2A-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div 


780. Heat Treating Baskets 


12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretex 


781. Heat Treating Equipment 
New folder on carburizing boxes, trays, 
heat treat fixtures and baskets. Misco 


782. Heat Treating Fixtures 
24-page catalog on heat and corrosion- 

resistant equipment for heat treating and 

chemical processing. # classifications of 








equipment. Pressed Steel 
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INVESTMENT 
CASTING 


This small latch cam for retriev- 
able gas lift valves previously 
was machined from bar stock 
The cost of machining the part 
in the hard metal required by oil 
well service was way out of line 
So they had the cam Investment 
cast—and cut costs 84%. 
Though this saving is unusually 
high, this modern casting tech 
nique can save you up to 60% 
on small parts production, It 
may also make possible designs 
you previously thought imprac- 
tical to produce. 


WRITE TODAY for the 
INVESTMENT CASTING STORY 
This free 12-page booklet 
~*“MODERN PRECI- 
SION INVESTMENT 
CASTING”—contains de- 
tailed data on the Invest- 
ment casting process. 


ALEXANDER SAUNDERS & CO. 


Precision Casting Equipment 





and Supplies 
91 Bedford Street - New York 14, N.Y. 
WaAtkins 4-8880 
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Complete information 
on REED-PRENTICE 
die casting machines 
Write for your copy 
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gooseneck 


N ‘a gooseneck & furnace arrangement 
increases melting pot capacity 


Re-designed Gooseneck and Furnace increase melting pot capacity 
to 1700 Ibs. of zinc on the REED-PRENTICE #2 die caster: to 1150 
Ibs. of zinc on the #1 2 model 

This new design provides 675 Ibs. of usable metal above the liner 
port, gives more efficient production these ways: 


1 - pot life lengthened by elimination of stress points; 
2 - permits longer operation without re-fill; 
3 - requires less of operator's time and attention. 


A quick-change plunger coupling is incorporated for easy adjust 
ment of Gooseneck, plunger and nozzle. Entire furnace assembly can 
be lowered quickly to use lower die plate hole 


Melting Pot 
| Machine | Ibs. Zinc/shot r with Gooseneck in Place) 


CAPACITIES [Ty 15 | 1150 Ibs. | 
#2 17’ 1700 Ibs. 


REED-PRENTICE CORP. 


WORCESTER 4, MASSACHUSETTS 
Affiliate of PACKAGE MACHINERY COMPANY 





REPRESENTATIVES: Houston—Steel & Machine Tool Soles Co.; Seattle & Spokane—Star Machinery 
Co.; Minneapolis—Chas. W. Stone Co.; Los Angeles—Western Molders Supply Co. 

BRANCH OFFICES: 75 West St., New York 6, N. Y.; 1213 West 3rd St., Cleveland 13, Ohio; 
4001 N. Elston Ave., Chicago 18, Illinois; 2842 W. Grand Bivd., Detroit 2, Michigan. 
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783. Heating 


New booklet compares induction and 
dielectric high frequency heating. New 
Rochelle Tool Corp 


- . . 

764. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div 


785. High-Temperature Alloys 
Booklet “Keep Operating Costs Down 
hen Temperatures Go Up.” Interna- 

tional Nickel 


786. High-Temperature Alloys 

“Haynes Alloys for High-Temperature 
Service” summarizes all available data on 
10 superalloys and lists physical and 
mechanical properties of two newly de 
veloped alloys. Haynes Stellite 


787. High-Temperature Belts 
New bulletin on belts of high-tempera- 


ture alloy for heat treat furnaces. Electro- 
Alloys Div 


788. High-Temperature Belts 
24-page bulletin on metal conveyor 
belts. Wickwire Spencer 


789. High-Vacuum Pumps 
36-page Catalog 750 gives formulas 
constants, conversions used in vacuum 
work, pump selection data. Stokes 


790. Hydride Descaling 
24-page book “Handling Metallic So- 
dium” with special reference to sodium 
hydride descaling U.S. Ind. Chem 


791. Hydrogen Atmosphere 
Bulletin on equipment for supplying 

hydrogen with oxygen content less than 

one part per million and dew point to 
70° F. Baker & Co 


792. Induction Heating 

Folder on high-frequency induction 
heating equipment designed for produc 
tion use. Electric-Arc 


793. Induction Heating 

60-page catalog tells of reduced cost and 
increased speed of production on harden- 
ing, brazing, annealing, forging or melt- 
ing jobs. Ohio Crankshaft 


794. Induction Heating 

New 12-page bulletin on low-frequency 
(60-cycle) induction heating furnace for 
nonferrous metals. Magnethermic 


795. Industrial Fans 

Catalogs on various kinds of industrial 
fans — exhaust multiblade back ward 
curve, for high temperatures. Garden 
City Fan 


796. Laboratory Furnaces 

Information and bulletins available 
along with current price lists on complete 
assortment of Lindberg laboratory fur 
naces. Boder Scientific Co 


797. Laboratory Supplies 
Instruments and apparatus for control 
research, development laboratories. Har- 
shaw Scientific 


798. Leaded Steel 


8-page bulletin gives chemical composi- 
tion, mechanical properties and case 
studies showing machining production 
rates of Ledloy, lead besring steel 
Ryerson 


799. Leaded Steel 

New 8-page booklet on pruduction of 
lead treated stee's, their aiventam and 
case histories of their use. Copperweld 
Steel Co 


800. Low-Alloy Steel 
60-page book on high-strength low- 


alloy steel, properties, fabrication and 
uses. U. S. Steel 


801. Low-Carbon Stainless 

“Melting Low-Carbon Stainless Steel 
shows advantages in use of new low- 
carbon chromium alloy for producing 
extra-low-carbon grades. Electro Metal 
lurgical 


802. Lubricant 


8-page folder describes use of molyb- 
denum disulfide lubricant in cold form- 
ing, cold heading and other applications 
Case histories. Alpha Corp 


803. Lubricant 

Catalog No. 460 on uses of colloidal 
graphite in industry. Table lists 40 basic 
dispersions of graphite. Acheson Colloids 


804. Lubrication 

Bulletin on FOS process of lubricating 
steel surfaces for extrusion, drawing, and 
other metalworking processes. Pennsyl- 
vania Salt 


$05. Machining Aluminum 

4-page bulletin on machining aluminum 
covers types and shapes of tool, prepara- 
tion of drills, tool materials, tapping and 
threading, reaming, spinning, sawing and 
lubricants. George Sall Metals 


806. Machining Copper 

32-page booklet gives cutting speeds 
feeds, rakes, clearances for more than 40 
copper alloys. American Brass 


807. Machining Costs 

12-page “Relation of Machining Time 
to Material Cost’. Comparative machina 
bility costs per ton for eleven steels 


La Salle Steel 
808. Master Alloys 


Bulletin on custom-made alloys for re 
melt or reprocessing. Cannon-Muskegon 


809. Mechanical Cleaning 


Booklet on how brushes are used for 
cleaning welds, stainless sheets, hot cast 


iron, automotive wg brass fixture 
Pittsburgh Plate Glass, Brush Div 


810. Melting Aluminum 
Bulletin 310 on furnaces for melting 
aluminum. Lindberg Eng’g 


B11. Metal Cutting 

64-page catalog No. 29 gives prices and 
describes complete line of rotary files 
burrs, metalworking saws and other 
products. Martindale Electric 


812. Metallograph 

20-page bulletin L-232 on Balphot 
motelionah with bright field, dark field 
— es light, phase contrast. Bausch & 
vomb 


813. Metalworking Machinery 


142-page roy | on sheet metal ma 
chinery. Federal Machinery Co 


814. Microscopes 

22-page catalog describes microscopes 
featuring ball bearings and _ rollers 
throughout the focusing system and a 
low-position fine adjustment, providing 
comfortable operation. Bausch & Lomb 


815. Microscopes 

Catalog Micro 8211 on heating micro 
scope for study of melting bohavies 
Leit 


816. Mixers 

32-page booklet on 1 to 500 hp. mixers 
construction, operation, applications. Mia 
ing Equipment Co 


817. Mold Heating 

Discussion of heating molds for Last 
Wax" investment castings in Heat Treat 
Review, Vol. 5, No. 1. Surface Combustion 


$18. Nickel Alloys 


Wall chart gives engineering properti« 
(Continued on j WA) 











HARDNESS CONVERSION CHART 


For Every Shop That Does 
Hardness Testing 


This latest and most nearly accu- 


rate Hardness Conversion Chart 
is a necessity wherever hardness 
testing is done. It has been com- 
piled and produced by CLARK, 
vaanere Se internationally re- 


Hardness Tester 


spected 
for “Rockwell Testing.” Printed on 
heavy stock convenient for wall 


mounting, 


is offered 


free of charge to hardness tester 
users. Just attach this ad to your 
letterhead or write “Send wall 
chart.” A copy will be mailed to 


you without c 


arge or obligation. 


P.S. If you would also like in- 


formation on CLARK 


Standard 


and Superficial Hardness Testers, 


we'll be glad to send that along 


wt 


too. 


e— 
oy 


‘ 


CLARK 
INSTRUMENT 
INC. 


10202 Ford Road 
Dearborn, Mich. 
U.S.A. 
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(Continued from p. 35) 
of nickel alloy wire, rod and strip. In 
cludes Monel, Inconel, Incoloy and 
nickel-clad copper. Alloy Metal Wire Co 


819. Nickel Alloys 

40-page book gives corrosion, physical 
and mechanical properties of Hastelloy 
alloys; 13 pages of fabrication data 
Haynes Stellite 


620. Nondestructive Testing 

8-page bulletin on eptyenens for non 
destructive testing of bars, rods, tubing 
Magnetic Analysis 


821. Nonferrous Wire 

Folder gives wire gage and footage 
chart and data on beryllium copper 
phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


822. Nuclear Radiation Cell 

Data on industrial instrumentation ap 
plications of the Ohmart cell, the radio 
active sensitive element which convert: 
nuclear radiation into electrical energy 
Min neapolis Honeyu ell 


$23. Oil Quenching 

Catalog V-1146 on self-contained oil 
cooling equipment. Selection tables for 
volume of oil required and oil recircula 
tion rates. Bell & Gossett 


624. Openhearths 


Brochure on modern openhearth design 
and construction. Loftus 


825. Periodic Chart 

Periodic chart of the elements, green 
and black, 11 by 14 in., official 1952 data 
General Electric 


826. Pickling Baskets 
Data on baskets for degreasing, pickling 
anodizing and plating. Jelliff 


$27. Pickling Baskets 

12-page bulletin on mechanical picklers 
crates, baskets, chain and accessories 
Youngstown Welding & Eng’g 


28. Piercing 

Slide calculator for determining the 
required pressure (in tons) for piercing 
a given size hole in any thicknes: — 
type of metal. Ward Machinery 


829. Pipe and Tubing 

68 page book on pipe and tube making, 
answering many pertinent questions on 
tube mill operation and production. En 
gineering data and specifications. Yoder 


830. Polishing Materials 


20-page booklet includes samples of 
emery, aluminum oxide and silicon car 


bide papers and 12 polishing cloths 
Buehler Ltd 


831. Powder Metallurgy 
Information on sponge iron powder 
Ekstrand & Tholanc 


832. Powdered Metals 

jooklet tells how things are made of 
powdered metals, applications and future 
possibilities. Stokes 


833. Precision Casting 

44-page Catalog 53 covers every stage 
of the investment casting process. Alez 
ander Saunders 


834. Protective Coatings 

Guide to chemicals and processes for 
metal protection. American Chemical 
Paint 


835. Pure Metals 


Data sheets on vacuum melted cobalt 
copper, iron and nickel. Vacuum Metals 


$36. Pyrometer Calibration 
“Pyrometer Thermocouple Calibration 

Data” includes tables of data released by 

National Bureau of Standards. Bristol Co 


837. Quenching Oil 

8-page booklet on applications and cost 
reductions in oil-quenching installations 
Sun Oil 


$38. Quenching Oil 

New book on mechanism of quenching 
properties of quenching mediums, cooling 
curves. Gulf Oil 


839. Radiant Heater 

4-page bulletin TL-52 on electric 
radiant immersion heaters gives applica 
tion design features. Glo-Quartz Ele 
tric Heater Co 


840. Radiation Protection 

12-page booklet on films for determin 
ing amount of radiation. Used in research 
laboratories, nondestructive testing lab- 
oratories. Du Pont 


$41. Radiography 

Bulletins JR and AR on one and two 
million volt X-ray generator. High Volt 
age Engineering Corp 


$42. Radiography 

Bulletin 400-310 on self-contained X-ray 
unit for mass production inspection of 
parts. Westinghouse 


843. Radiography 

16-page bulletin on materials and ac 
cessories for radiography. Density curves 
for four types of films. X-Ray Div., East 
man Koda 





BUSINESS REPLY 


844. Rare Earths 
8-page Progress Report Nu 
tare Earths in Iron and Steel J 
Molybdenum Corp 


845. Refractories 

New 20-page bulletin on bre 
fractories discusses basic requi 
of refractories, what causes ref 
to fail, various kinds of insulat 
brick. Refractories Div., Babcock 


coz 


846. Refractories 

New 24-page bulletin on phys 
chemical properties of super refr 
Applications. Refractories Diw., 
undum 


647. Refractory Cement 
Bulletin discusses refractories a 
resistant concrete. Lumnite Div 


$48. Refractory Mixes 

16-page bulletin 315 on proper 
applications of sillimanite supe 
tory ramming mixes and furnace 
Chas. Taylor Sons 


849. Roll Formed Shap 


2A- page julletin 1053 on d 
forming and producing shap¢ 
ferrous and nonferrous meta 


Formed Products Co 


$50. Rust Preventives 
12-page bulletin on water-solul 
preventive. Production Specialtie 


$51. Salt Bath Furnace 
Data on salt bath furnaces f 
and conveyorized work. Upton 
$52. Salt Baths 
32-page booklet on heat tre 
liquid salt baths. Properties of 
liquid baths. E. F. Houghton 


$53. Salt Baths 
Data on salt bath hardening o 
parts from Tips and Trends. Ajaz 


$54. 


Sand Control 
32-page book on defects and 
in foundry and how to remedy 
sand control. Claud 8S. Gordon 
855. Shell Molding 

8-page bulletin on silicones | 
molding process. Linde Air Pr« 
856. Sintered Metals 

New 4-page folder on steel y 
metal parts. Applications. Ampl 
857. Soedium Metal 
2A-page book on sodium in 
form, spread over inert solids 


surface area. Applications. U.S 
trial Chem 
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HOLCROFT 
and the 
CONVEYOR 
FURNACE 





STEP UP OUTPUT KNOCK 
DOWN 
COSTS 








The key word in heat treating today is automation—the han- 
dling of stock smoothly, efficiently, without waste. Obvious 
benefits are boosted production and slashed costs. 


Holcroft's answer to automation may be conveyorized furnaces 
—automatic, not only in stock handling, but with automatically- 
controlled cycles, too. Each Holcroft installation is custom- 
engineered to do your job at the lowest possible cost. 


Conveyor furnaces are almost unlimited in style and application. 
Single or multi-strand conveyors can be equipped with mesh 
belts, sheet belts, interlocking links, monorails or pusher chains. 
Direction of flow can be horizontal, vertical, or in combination— 
whichever affords the most economic use of available space. 
Some conveyors are completely inside the furnace —others are 
integrated into the production line. 


Many other types of stock-handling furnaces are available. 
They're all described in Holcroft's book “Blazing the Heat Treat 
Trail”. Better write for a copy today. Holcroft & Company, 
6545 Epworth Bivd., Detroit 10, Michigan. 


PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 





CHICAGO, ILL CLEVELAND, OHIO }§=©MOUSTON TEXAS PHILADELPHIA, PA 
CANADA Wather Metal Products Lid Windser Ontarie EUROPE SOF IM Paris 8, France 
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a CMP 

cost cutting report 

wer aceal INTRICATE 
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CMP coLp ROLLED 
STRIP STEEL 


reduced manual and operating costs 
.... Increased production 





nis manufacturer 
numerous fat 

tion cold ro 

tolerance v 

parts went to 

causing many 

frequent and 

Even though 

juantities wi 

cant, the re ing fin 


because of the difficultis« 
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AF 
Presenting the CMP story 
purchasing department of this 
representative wa invite 
tion management. He sugges 
Specifications for the vario 
producing and arrangements 
"specific spec" steel for t} 


Improved results were immedi f 

tions for all items were es ished as best 

job. As was later related, the production chief 

"While our Steel cost went up, we so completely beat 

our production and assembly problems that those savings 
dwarfed the steel cost:" Perhaps there is an answer for 
your requirements, too, in CMP "specifi specs” cold 
rolled strip steel--we'll be glad to explore it 

with you. 





the Cold Meral Products co. 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 
PLANTS YOUNGSTOWN, OHIO AND INDIANAPOLIS, INDIANA 
SALES { New York . Cleveland . Detroit . Indienapolis 
OFFICES | Chicege . St. Lewis . Les Angeles 7 Sen Francisco 
LOW CARBON, HIGH CARBON (Annealed or Tempered), STAINLESS AND ALLOY 
GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 

THE COLD METAL PRODUCTS CO. OF CALIFORNIA 

2131 South Garfield Avenue, Los Angeles Phone: RAymond 3.4561 
THE KENILWORTH STEEL CO., 750 Boulevord, Kenilworth, New Jersey 
Phones: N. Y., COrtlandt 7-2427; N. J., UNionville 2.6900 
PRECISION STEEL WAREHOUSE, INC 

4425 W. Kinzie, Chicego Phone : COlumbus 1-2700 
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$59. Spectre 
16 page calalog 

spectrograph f 

Jarrell-Ash 


660. Spectre 
12-page brochu 
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33 cold rolled an 
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Data on how st 
time and money 


863. Stainle: 

20-page catalog 
screws, nuts, wa: 
sheet metal screw 
tings and specialti 


864. = Stainles 
44 page book pr 

on use of stainie 

industries. Crucib! 


865. Stainles 
Booklet contai: 
answers designed 
maintenance 
Cooper Alloy Fou 


866. Steel 
Bulletin on nick 
alloy, high stren 
Sheet and Tube 
867. Steel 5: 
New stock list o1 
ring forgings. Pete 
868. Steel M 
Bulletin 11-C on 
tion furnaces for s 
Ajax Electrotherm 


869. Stiffnes 
Data on stiffnes 
six ranges. Taber 


870. Surface 
Bulletin on imp 
face preparation 
duce surface that 
Metalweld, In 


871. Tanks | 
16 pages of data . 


resistant linings f« 
solutions. Chemica 
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Sonic Thickness Tester 
surement of wall thickness 
le by sonic method. Branson 


from 


Spectrograph 
age calalog G2-53 describes grating 
eraphs for precision 
-Ash 


analysis 


Spectrometry 
age brochure on quality 
direct reading spectrometer 


control 
Baird 


Spring Steels 
ng steel catalog offers 785 sizes of 
xed and tempered spring steels, and 
id rolled and bright annealed sizes 
*k. Sandvik Steel 


Stampings 
. on how stamped assemblies save 
nd money. J. H. Sessions 


Stainless Fastenings 
age catalog of stainless steel cap 
, nuts, washers, machine screws, 
metal screws, set screws, pipe fit- 
ind specialties. Star Stainless Screw 
Stainless Steel 
age book gives detailed information 


» of stainless steel in the chemical 
ries. Crucible Steel 


Stainless Valves 
tlet contains 75 questions and 
rs designed to help in selection and 
mance of stainless steel valves 
r Alloy Foundry 


Steel 
etin on nickel-copper steel of low- 


high strength type. Youngstown 
and Tube 


Steel 52100 
stock list on 52100 tubing, bars, and 
orgings. Peterson Steels 


Steel Melting 
etin 11-C on high-frequency induc- 
irnaces for steel and ferrous alloys 
Electrothermic 


Stiffness Testing 
| on stiffness tester which tests in 
nges. Taber Instrument Corp. 


Surface Preparation 
etin on importance of proper sur- 
reparation. Methods used to pro- 
surface that will insure good bond 
weld, Inc 


Tanks and Linings 
iges of data on tanks and corrosion- 
nt linings for cleaning and plating 
ns. Chemical Corp 
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872. Tempering 
Wall chart gives heat treating temper- 
atures, quenching temperatures, hard- 


nesses obtainable for 18 classes of carbon 
alloy, tool and stainless steels. Lindberg 
Steel Treating 


873. Test Cabinets 
New 4-page bulletin on three types of 
cabinets for testing at temperatures from 
200 to +300° F. Trop-Arctic Tempera- 
ture Products 


874. Testing Equipment 
80-page illustrated catalog lists over 130 

testing and measuring tools for laboratory 

and production-line use. General Electric 


875. Testing Machine 

8-page bulletin on SR-4 universal test- 
ing machine of 50,000 lb. capacity. Bald- 
win-Lima-Hamilton 


876. Testing Machines 

28-page catalog on screw power uni- 
versal testing machines and accessories 
Construction, specifications. Riehle 


877. Testing Machines 
Universal testing machines and uip- 

ment are diagrammed, described and illus- 

trated in 20-page Bulletin 43. Tinius Olsen 


878. Thermocouple Data 

42-page Bulletin TC-9 on thermocouples 
radiation detectors, resistance bulbs, ac- 
cessories. Wheelco 


879. Thermocouples 
20-page Bulletin 714 on thermocouples, 


protecting tubes and wells, insulators, 
eads, connectors, heads. Gen. Electric 
880. Timer 


Folder on timer for controlling on-off 
cycling of two independently adjusted 
load circuits in machine and process con- 
trol. Automatic Temperature Control 


881. Tin 


20-page booklet describes mining of tin 
and its present use by American industry 
Malayan Tin Bureau 


882. Titanium Alloy 


Data on ternary alloy with 3% alumi- 
num and 5% chromium gives physical 
properties, forging temperatures, high 
temperature characteristics. Mallory- 
Sharon Titanium 


883. Titanium Tubing 

Bulletin 43 on properties, applications 
and advantages titanium tubing. Su- 
perior Tube Co. 
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71 695 = 719 743 767 79! 
72 696 8720 744 =—768 792 
73 697 721 745 769 793 


794 «6818 = B42 866 «=: 890 
795 819 843 867 89! 
79% 820 844 868 892 
797 —s« 821 845 869 893 
798 822 846 870 894 
799 «+823 «2847S 895 
800 824 848 872 896 
80! 825 849 873 897 


7301 


802 826 850 874 Name 
803 827 851 875 

804 828 852 876 

805 829 853 877 Title 

806 830 854 878 

807 83! 855 879 

808 832 856 880 Compony 
80? 833 857 88! 

810 834 858 882 

sii 835 859 883 Address 


812 836 860 884 
813 «837 = Bb 685 
814 838 862 886 
815 839 863 887 
816 840 864 888 
817 Ss 4 865 889 








Euclid Avenue 


Postcard must be mailed prior to June | 
Students should write direct to manufacturers 





884. Tool Steel 
Properties and treatment of general- 


purpose air-hardening chromium-molyb- 
denum tool steel. Bethlehem 


885. Tool Steel Selector 

Twist the dial of the 9-in. circular 
selector and read off the tool steel for 
your application. Crucible Steel 


886. Tubing 

28-page book on stainless and alloy 
tubing shows types available, properties, 
weight tables, corrosion data. Trent Tubes 


887. Tubing 
52-page “Handbook of Seamless Steel 
Tubing’. 26 pages of data. Timken 


888. Tukon Tester 

12-page bulletin DH-114 on Tukon 
micro and macro hardness testers. Wilson 
Mech. Inst. 


889. Ultrasonic Testing 

Bulletin on testing equipment for 
measuring thickness, lack of bond, lam- 
inar-type defects. Magnaflux 


890. Vacuum Furnaces 


New vacuum furnace bulletin. National 
Research Corp 


891. Vacuum Gages 

32-page Catalog 7001 on gages for 
vacuums to 10" mm. Hg and pressures 
to 150,000 psi. Minneapolis-Honeywell 


892. Vanadium in Steel 
189-page book on properties of ferrous 

— containing vanadium and their 

applications. Vanadium Corp 


893. Welding Electrodes 
50-page book on electrodes of stainless, 
mild and high-tensile steels, cast iron, 
nonferrous alloys, low-hydrogen and 
hardfacing compositions. Air Reduction 


894. Welding Equipment 
Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


895. Welding Magnesium 
Various eee | possqme 3s for mag- 

nesium, stress relief and recommended 

procedures. Brooks & Perkins 


896. Wire Mesh Belts 

130-page manual on conveyor design, 
belt specifications, metallurgical data 
Cambridge Wire Cloth 


897. Zine Die Casting 
New 24-page booklet on zine for die 


castings and applications of die castings 
St. Joseph Lead Co. 
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Over 22 tons of die block for 
“IMPRESSIONS THAT LAST” 


Another example of Fink! dependability and craftsmanship are these di 


blocks each of which is 13’x77”x79”" and weigh 22,710 pounds. The face 


two ends have been rough carbide milled 
to Temper 3 


Write for this free catalog telling all 
about Fink! die blocks and forgings, 
the types of steel, the proper selec 
tion for the job, how to make dies 
last longer, and many other helpful 
facts. Please send request on your 
company’s letterhead. 

















FORGINGS+ DIE 
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and 
Ihe steel is Finkl FX, heat treated 
which is 331-302 B.H.N. FX blocks are tough, resistant to checking 
and washing, and free from temper brittleness. FX can be furnished in special! 
shaped sections of large and small sizes such as rings, discs, round, square, re: 
tangular or half round bars 


From steel making, where quality of material begins, through forging, heat 
treating, rough and finished machining, and metallurgical testing where quality 
ol workmanship counts, Fink! standards are the highest. For 76 years we have 


proved that the best is the least costly in the long run, Next time you are con 
sidering die blocks or forgings choose Finkl and you will choose the finest 


Call your nearest Fink! representative 


DETROIT 26: A. Fink! & Sons Co., 2838 Book Bidg., WOodward 1-1315 

Sons Co., 1914 NBC Bidg., CHerry 1.2939 * PITTSBURGH 22: A. Fink! & Sons Co., 762 Gateway Center 
ATiantic 1-6391 * INDIANAPOLIS 5: A. Fink! & Sons Co., 132 E. 30th St., HiCkory 4647 * HOUSTON 1 
Peden iron & Steel Co., P.O. Box 1891, CAPitol 2121 * ALLENTOWN: Leidy Sales & Supply Co., 532 
Hamilton Street, HEmiock 3-0571 * ST. PAUL 1: W. C. Forcey, 445 Endicott Bidg., CApital 2-1600 * 
COLORADO SPRINGS: A. E. Stenzel, 534 W. Cheyenne Road, MElrose 2-0431 * SAN FRANCISCO 5 
Thos, S$. Hutton & Son, Monadnock Bidg., EXbrook 2-7017 * SEATTLE 4: M. M. Mossman, 3104 Smith 
Tower, SENeca 5393 * BIRMINGHAM 9: W. E. Thomas, P.O. Box 5834, 29-5731 * KANSAS CITY 12 
W. C. Carolan Company, 612 W. 47th St., JEFferson 5505 


Western Warehouse LOS ANGELES 29: Fink! Steel Products Corp., 10735 Sessler Ave 
Eastern Warehouse EAST CAMBRIDGE 41: Industrial 


* CLEVELAND 14: A. Finki @ 


, LOrain 6-2134 
Steels, Inc., 250 Bent Street, Elliot 4-7650 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVE « TEL. DIVERSEY 8-2600 « CHICAGO 14 





BLOCKS + ELECTRIC FURNACE STEELS 










Where abrasion resistance is demanded... 


Latwbes BR-4° FM 


does a better job! 


BR-4 FM conveyor belt 


plates last 6 times longer at 
CATERPILLAR TRACTOR CO. 





At Caterpillar PFactor ¢ , regular mild steel plates 
prox. 14” x 24 i”) were formerly used on the con- 
yor carryinggrack link forgings thre ugh the induction 
rdet ing Ty chine The c plat subject to cont nual 


ibrasion, Hnly lasted 40 to 100 days, after which the 


ce u g hardened BR-4 FM plates, no replace 


nts, duc to we ir, have be equire ! in over a year 
lachin ma ha i nh gi atly redu d 
another example of th ible y i 


| 
elect Latrobe’s BR-4 FM di teel for spe il weal 


tant P} 

One of Latrobe’s “free-machining” high all lie 
teels, BR-4 FM was developed especially for application 
involving extreme abrasive wear ich as brick mold 
liners, shaving dies, stamping dies and deep drawing 

As the result of the “DESEGATIZED” process 
this high vanadiur high cl um die steel is uniform 
thr vugnout theret equa ly high abrasion 
resistance on all surfaces, freedom from distortion and 
greater ease of heat-treating. Why don’t you specify 
BR-4 on your next abrasion resistant application? 


Call your nearest Latrobe representative jor 
com picle details Branch ice located in 


STEEL COMPANY 


LATROBE, PENNSYLVANIA *Alloy Patented—U. §. Pat. No. 2575218 


-— ss 





~~ 



























give you a “brighter” 
outlook on life. 


It's amazing how pleasant the view can be after one of these steel-nerved, 
sure-footed, alert Cleaning Specialists have done their job. 


J Northwest's Metal Cleaning Specialists are ‘alert’ to your problems when 
it comes to giving your products a “‘brighter’’ outlook. Day in—day out, 
Northwest carries on the constant search for better, lower cost, analytically- 


Kawenbor — YOUR correct cleaners to give you dependable, good looking, permanent finishes. 
ST PER FINISH 
ae, 1S on A From Northwest's years of experience in developing job-adjusted cleaners 
COST OF YOUR CLEANER for your specific needs have come such processes as the LO-HI pH—for cleaning 


prior to plating, painting or vitreous enameling; ALKALUME—for preparing 
aluminum for finishing and spot welding; INTERLOX—for phosphate coating; 


booths; PAINT STRIPPERS—specific to your needs; SUPER-DRAW & FLUID 


Q ° SPRA-LUBE—to control over-spray of "today's" paints in water wash paint 
rn 
AI FILM—for drawing metals. 


Northwest's production-tested chemicals and ‘'Right-the-first-time’’ recommendations 


will save you money. Northwest Service is as close as your phone. 


Ss Perri 0 alola 















0 
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Heating 5” diameter stainless steel billets in a 
Magnethermic Induction Heater prior to extrusion 








TEMPERATURE’ F 


DIAMETER OF BAR 


tion Heating equipment, low-frequency or high- 
frequency, through 10,000 cycles. Write to 
Magnethermic for bulletin or information about 
your specific questions 





operation. peed edie evo. “ “~ 


and extrusion plants are buying ® 


ite den af anaes: 
_ Regardless of size of work or trequency, MAGHE 
builds the equipment to meet 
Wiiieed Wil sempeor teteietices is 1nd. corp at i on 
YOUNGSTOWN 7, OHIO 


3990 SIMON R 
4 9 


ram, ON 














G0 THROUGH 10,000 CYCLES 









for rapid 


evaporation 
of solvents of 
low volatility 
























THE 


RINCO ROTATING VACUUM-TYPE EVAPORATOR 


(Patent Applied For) 


@ For speeding up routine evaporations. Handles volumes from | c.c. to 1000 
c.c. Principle utilized — rotation of flask spreads out thin film over large area (diameter of flask) 
subjected to negative pressure. “Bumping” eliminated. Use of glass beads unnecessary. Rate of 
evaporation increased 4 to 5 times, depending on solvent used. Particularly advantageous with such 
solvents as water, dimethylformamide, etc. 30 mi. of water at 20° C will be evaporated in 30 
minutes or less. Very useful with heat sensitive compounds and biological extracts since no temper- 
ature increases are necessary. Evaporator will, of course, operate satisfactorily at higher evapora- 


tion rates with increased temperature, when sample characteristics permit application of heat. 


Evaporator consists essentially of a stainless steel shaft with a machined Standard 
Taper 19/38 joint at lower end. Shaft rotates on oilite bronze bearings within stainless steel housing 
having Standard Taper 12/30 take-off leading to vacuum pump or aspirator. Vacuum pump and 
trap are recommended for best results, but can be used with aspirator. Flask attached to Standard 
Taper joint at lower end of shaft rotates at approximately 60 r.p.m. by means of special motor 
Standard Taper 19/38 joint accommodates smaller capacity flasks, i.e., 50 ml. H-63620 Reducing 
Adapters, Pyrex Brand Glass, permit use of larger flasks having Standard Taper 24/40, 29/42, 


etc. Entire apparatus can be easily disassembled for cleaning. 


Note: Support stond, - Can be adapted to single or multiple units. 

clamp and glassware ‘ , 

eseneteanban H- 21655 —Rinco Rotating Vacuum-type evaporator complete 
be ordered separately with motor and cord for use on 115V 60C, A.C. . . . $96.50 


Housto® 11, Texe* 


HARSHAW SCIENTIFIC (fieeeaiages cepts 


F THE HARSHAW HEMICAL CO 
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Here's what Ed. Stanek says. . . 


Ed. Stanek, Heat Treating Superin- 


TO : 
tendent says, "We sure were amaz- 
ve ed at the improved quality of our 
m springs. With our new Hevi Duty 


Shaker Hearth Furnace, we get clean 


PARAGON SPRING co scale-free parts that do not require 
>. 


pickling or sandblasting before plat- 
USES A ing. In addition to that, we get a bet- 
ter, cleaner plating job than before. 


a FYI Ne hl The parts retain their carbon and are 
=> DUTY less subject to hydrogen embrittle 
ws par ment. Now, heat treating takes less 

time and rejections have been prac- 

SHAKER HEARTH 

FURNACE 


tically eliminated. Our customers are 
With Amazing Results 





really getting fine quality springs.” 


UNIFORM CASE DEPTH 
This Hevi Duty Shoker Hearth 
Furnace is fully adjustable to 
give complete control of heot 
treating processes such as Hard 
ening, Dry Cyaniding and Car 
burizing. Write for Bulletin HD 
850 describing the furnace that 
. assures uniform results on a 
production basis 


sb 
% 
2 


OD 


ay * 


TYPICAL PARTS 
These are a few of the springs 
treated at Paragon Spring Com 
pany, Chicago, Illinois. They are 
different in size but results are 


consistently uniform a 


HEVI DUTY ELECTRIC COMPANY 


—t—_me MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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How STRAITS TIN from MALAYA is being used 
to make better products at lower cost 





A new alloy designed for use as 
a heat transfer medium consists 
of tin, indium and lead 


ditioning fin coils help prevent 
odor accumulation 


Tin solder coatings on air-con- 


Millions of miles of copper wire 
are tinned to avert corrosion by 
rubber 


insulation 








New (tinned steel 


electrotin 
plate) is now widely used for 
air and oil filters in automobiles 





The number of new ways you can use 
Straits Tin to make better products at 
lower cost is today growing faster than 
ever. And lower cost means higher profit 
To cite just three examples 

New turbo-prop engines in many aircraft 
have phosphor bronze bushings contain- 
ing tin. The new chlorinated rubber paints 
have 5 to 10 times longer life with addi- 
tion of organotin chemicals. And a new 
tin-rich tin-zine-cerium solder for alumi- 
num speeds solder application and has 
better resistance to salt spray corrosion 


Fortunately there is plenty of tin to meet 
this increasing list of new uses. Known 
reserves are adequate for the foreseeable 
future no matter what the needs of 
American industry may be 


Since February 1953, there have been no restrictions by the t 
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Car 





and 
aluminum are 
coating of tin as a lubricant. 


airplane pistons of 
often given a 





Over one-third of the world’s tin comes 
from the Federation of Malaya. This 
country, keystone of. Southeast Asia, is 
steadily winning its war against Com- 
munist guerrillas. With increased security 
in this strategic area you can count on 
a supply of tin just as dependable as the 
supplies of other materials produced in 
the Free World. 


Straits Tin from Malaya—at least 99.87 % 
pure—is inert, nontoxic, friction and cor- 
rosion resistant. It is highly malleable, has 
a relatively low melting point (450°F.), 
and can be alloyed with most other 
metals. 


Whatever you make, a long, careful look 
at the properties of Straits Tin may show 
you how to make it better—at lower cost 





Tin or 
used to give puddings and other 
desserts a decorative shape 





copper-tin molds are 


Ati 
Wis ly 


i a 
we 
°%—_ 
=. 





? 


J 


A 20-page new booklet gives 
on informative report on 
Straits Tin and its many new 
wses today. Write for a free 


copy now. 


S. Government on the use of tin 


The Malayan Tin Bureau 


Dept. CC-1, 1028 Connecticut Ave., Washington 6, D.C. 















The Schaible Story: 





Vital Grinder Parts 
Hard Cased in Park-Kase 5-C 





Maximum Hardness at LESS COST 
for Schaible Cutter Disc 
and Clip Ring! 


At the Schaible Company the grinding elements used in the 
production of the Schaible Food-Waste Disposer are pre- 
cision hard cased with water soluble Park-Kase 5-C, Result: 
a higher hardness which means longer life and greater 
efficiency for these fast-action grinding teeth . . . in less time 
and at less cost. Here's why: 

The rapid and uniform case depth of Park-Kase 5-C 
liquid carburizer means fast, reproducible cases which can 
be held to close limits for accurate, dependable work at 
temperatures up to 1700°P, Park-Kase 5-C produces 
eutectoid carbon cases which contain enough nitrogen to 
be file hard after oil quenching. High penetration rates and 
ease of cleaning are combined for ideal carburizing condi- 
tions. Inexpensive, simple, and trouble-free . . . Park-Kase 
5-C lowers production costs. 


@ Lightness of Original Charge and Reduction of Salt Drag- 
out Keeps Costs Down. 


@ Does Not Foam While Operating. 


@ Water Solubility Means Time Saved on Oil Quenched 
Work. 


@ Needs No Special Complicated Mixing Procedures 


Complete details of the Park-Kase 5-C Carburizing process 
covering all phases of its operations are described in a 
technica! bulletin available by mailing the attached coupon, 


* Liquid and Solid Carburizers + Cyanide, Nevtra!. 
and High Speed Steel Salts + Coke * Lead Pot Carbon 
* Charcoal + No Carb + Carbon Preventer + Quenching 
and Tempering Oils * Drawing Salts * Metal Cleaners 
* Kold-Grip Polishing Wheel Cement 


ae A 





The new grinding principle of the Schaible Food- j 
Waste Disposer is shown here. Particle discharge | PARK CHEMICAL CO. | 
size is positively controlled by reduction grating | j 
through horizontal milling action, impingement | CS ie Avense © © (Sotell « Midign ! 
cutting and clipping. The snag-toothed cutter and | | 
the clip ring used in this process require hardness | Send Free Bulletin Describing Park-Kase 5-C | 
and toughness. Park-Kase 5-C gives these tools | ’ | 
the necessary hard case for years of efficient, de- | | 
pendable service. | Nome Position — | 
| Company 

| eth 

! Address | 

Fifth in a series of advertisements | ! 

describing Park processes on the job 1 City State s 

Hl ee ae ree O88 -—-—— —_emwewe—_—_— —_—- —_— -—- — Fe 
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“WOW! what happened 


to our labor cost 
on this run?”’ 


A batch of castings or forgings with and correct the cause before parts are 
cracks that nobody found until costly run and finished in quantity, only to 
hours had been wasted machining and be scrapped. 
Could this finishing them ... a heat treat that Inspection is low cost with Magnaflux’ 
went sour . . . improper grinding, Methods and it finds all cracks...helps 
be your handling, cleaning, all are possibil- you find the cure. It can save you 
answer? ities, and all can vary from run to run. many times its trifling cost. 


Cracks, whatever the cause, run up 


your labor costs if you don’t find them write for new booklet on LOWER 
early enough. Early enough to find MANUFACTURING COST. 


MAGNAFLUX 
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How many times— and how recently — have you asked 
this question? It’s a good one, with a lot of possible 
answers. The important thing is, can these skyrocketing 
costs happen again, or have the causes been corrected? 


Often the answer is very simple — and easily remedied. 


Ask to have a Magnaflux engineer 
give you facts and figures — or 


MAGWNAFLU X CORPORATION 
THM4 West Lawrence Avenve * Chicago 3}, Illinois 
New York 36 . Pittsburgh 36 . Cleveland 15 
Detroit 11 . Dallas 19 Los Angeles 58 











wy.) 4e7 V- Na is 


AN AUTOMATIC POURING UNIT FOR THt 
PRODUCTION OF ALUMINUM DIE CASTINGS 














AJAX ENGINEERING CORPORATION 


TRENTON, N. J. 
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Brand new in 
performance... 
versatility... 


style... 


M7 the horizontal case 











@ New versatility of control — 
choose from 
snap-acting on-off control 


pulse-type time-proportioning 
control 


three-zone control with dual 
indexes 


@ New ease of maintenance 


plug-in galvanometer and control 
units 


thermocouple and millivoltmeter 
can be calibrated without discon 
necting wiring 


@ New precision of measurement 


virtually unaffected by ambient 
temperatures from 50 to 110 F 


@ New ease of mounting 


19” wide case fits standard relay 
racks 


@ New convenience in operation 


signal lights on control unit show 
high and low control position 
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Pyr-O-Vane Controller 








HERE’S more than a new look to this new 

Pyr-O-Vane millivoltmeter temperature con 
troller. Its advanced performance and added 
features of versatility make it, more than ever, 
your top choice for economical, dependable con 
trol of ovens, furnaces, driers and scores of other 
kinds of heating equipment. 


Its 19-inch wide horizontal case fits standard relay 
racks . . . permits stacking of controllers in smart 
central Plug-in unitized sub 


assemblies reduce spot maintenance to seconds 


looking panels 
Just replace the operating unit with a standby . 
and control continues with practically no inter 
ruption 


New refinements give the Pyr-O-Vane Controller 
greater precision and broader flexibility of control 
than ever before. Its sensitive electronic control 


— 


can be applied to either fuel-fired or electrically 
heated equipment. Your instrument men will ap 
preciate its added ease of calibration and servicing 

and your production men will like its depend 
ability that stems from long-lasting, precision 
made Brown components 


Whether you're modernizing your plant or mod 
ernizing the design of heat-using equipment that 
you manufacture, plan to take advantage of the 
new Pyr-O-Vane Controller and its companion 
instrument, the new Protect-O-Vane® excess tem 
perature safety cut-off. Your local Honeywell sales 
engineer will be glad to consult on your specific 
application and he’s as near as your phone 
MINNEAPOLIS-HONEYWELL REGULATOR CoO 
‘Industrial Division, Wayne and Windrim Avenues 
Philadelphia 44, Pa 


@ REFERENCE DATA: Write for new Bulletin 1060, ‘Horizontal Case Millivoltmeter Controllers.” 


Honeywell 


BROWN 


peoeovtTRr’ Saw? @ 





Fiut we Coitiol 








Another “must” for proper Metallographic Control 


tre B MICROMET ETCHER 


METALLURGICAL APPARATUS 
2120 GREENWOOD STREET 
EVANSTON, ILL., U.S.A. 
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formula 


for lowest 


heat-hour 
costs: 


26,000 HOURS 


AT 


... follow 
the maker’s 
operating 
instructions 


Regardless of what alloy your heat-treat- 
ing equipment is made of, it will pay you well 
to heed closely the manufacturer's operating 
instructions. 


Many users of D-H alloy retorts, muffles, and 
liquid pots have heeded this advice—and the 
figures show the benefits they received. 


1. They avoided thermal shock by heat- 
ing the containers s/ow/y to the recommended 
temperatures before starting work. 


2. They did not let them go completely 
cold over week-ends or between work periods. 


12,000 HOURS 


AT 1700°F 


wT 1400 LB‘ 


24,000 HOURS 
AT 1600'F 


A 1800 LBS 


22,640 HOURS 


1550 F AT 1725 fF 


They realized that fine equipment is cheaper 
than fuel. . . that the added life of the con- 
tainers is well worth the moderate expense of 
keeping them at correct idling temperatures 


when not in use. 


This advice will serve you well—to repeat—no 
matter what alloy you are using. Of course, for 
the absolute maximum in long life .. . the 
lowest heat-hour costs ... it would be well at 
the outset to specify Nichrome, Chromax, or 
Cimet, alloys with a consistent history of 


outstanding performanc ec. 


Nichrome*, Chromox*, Cimet* ore 


monvufoctured only by 


Driver-Harris Company 


NEW JERSEY 








HARRISON, 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, Sen Francisco, Louisville 


a ne 8 
*T M. Reg U.S. Pot OF 


MAKERS OF WORLD-FAMOUS NICHROME AND OVER 80 ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING FIELDS 


MARCH 1955 PAG I 1 














(96) MODERN HEAT PROCESSING ae 








“GREAT ONE-MAN HEAT TREATER,” is the way Greenman 
Steel describes this G-E box furnace with cooling chamber 
Accurate control of the temperature is provided by the G-E 
control unit shown behind the furnace 





MANY HEAT-TREATING JOBS can be done with this one G-E HIGH-QUALITY WORK is achieved by moving 
box furnace. Greenman Steel uses it for copper brazing, silver ly from the furnace to the atmosphere 
brazing, annealing, and hardening. Here, the furnace is em thereby minimizing oxidation. Here, the 
ployed to anneal drawn-steel cups. the cooling chamber clear 


CC eh ae 














Operational savings of G-E furnace 
keep Greenman Steel competitive 


Heat-treating jobbers who demand versatility in a fur 
nace find that General Electric’s box furnace with water 
jacketed cooling chamber is ideal for general-purpose 
work 

Says Lloyd G. Field, General Manager of Greenman 
Steel Treating Corp., Worcester, Mass 

“As a heat-treating jobber, we have to produce high 
quality work at lower cost than equipment manufac 
turers can do it themselves. We must be ready to handle 
all sorts of heat-treating jobs, yet our investment in 
equipment must be kept to a minimum. We find that 
our G-E box furnace satisfies all these requirements. It 
because it produces 


enables us to stay competitive 


Unlimited,” Says Industrial Heat Treater 





TO PREVENT OXIDATION, metal parts are heat treated 
and cooled in a protective atmosphere produced by this 
G-E atmosphere gas converter. 


superior work at low cost. It minimizes our equipment 
costs because its versatility is practically unlimited. We 
use it to copper braze, silver braze, anneal, and harden.’ 


MANY SAVINGS, HIGH-QUALITY WORK 

Mr. Field pointed out that operating costs are low be 
cause the insulating qualities of the 
heat loss. Automatic control of the heat assures him ol 
high-quality work 


FOR APPLICATION HELP 
Whether your operation demands a small 
all-purpose 


furnace minimize 


capacity, 
furnace, or one that is engineered for a 
high-production 


particular process and intended for 


rates at the lowest possible cost, General Electric can 
satisfy your requirements. For application help from a 
G-E Heating Specialist, contact your G-E Apparatus 
Sales Office. 


GENERAL @® ELECTRIC 


WRITE 


@ Furnace and induction Brazing, GEA-5889 
@ Heat-treating Aluminum, GEA-5912 


Address: General Electric Co., Section 720-129, Schenectady 5, N. Y 





@ Annealing Malleable Iron, GEA-5797 
@ Protective Atmosphere, GEA -5907 


NOW FOR THESE MODERN HEAT PROCESSING BULLETINS 


@ Forging with Induction Heat, GEA-5983 
@ Wire Enameling, GEA-6179 









GREATER STRENGTH AND LONGER SERVICE LIFE 


... THANKS TO G4S’ 


This is one heat treating operation at the Construction 


Equipment Division of the Baldwin-Lima-Hamilton 
works in Lima, Ohio. In the center of this battery of 
gas-hred burners is a shipper shaft pinion, soon to 
become a vital part of a Lima shovel. 

The temperature is controlled at 1500°F. After a 
water quench and a gas-fired tempering process, the teeth 
and the teeth base of the pinion will have a uniform 
hardness up to two inches in depth. This means longer 
service life for this important part. 
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Gas-fired equipment is also used for flame hardening 
on rollers, gears, and shafts of every Lima machine 
Cost conscious equipment men everywhere know that 
they can depend on Lima for low maintenance and less 
down-time. Gas equipment, operated by skilled tech 
nicians, helps give Lima this world-wide reputation 

Throughout industry, Gas is proving the most satis 
factory method of heat processing. That’s reason enough 
for discussing your problem with your Gas Company's 


industrial specialist. American Gas Association 
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CARBON STEELS 








SS = 


ELECTRIC STEELS 





FLEXIBILI' the electric arc furnace 


jefined nalyzed what if means 


to the steel producer ibtect of 


ture article t 


Ai 
| 


BEARING STEELS 


IN THIS ISSUE 


EDWARD A. HANFPFP, active since 1917 in 
design levelopment and application of 
arc furnaces—a recognized authority in 


steel producing and foundry industries 


ALLOY STEELS 


STAINLESS STEELS 


- 


> 


PROPERLY made electrode joints stay ight 
with this new Pitch-Reservoir nipple, de 
signed to prevent collar- and nipple-loss 


at the arc-end of furnace electrodes 











CARBON AND GRAPHITE NEWS 
MARCH, 1955 —Vol. 2, No 1 


ad 

An important advantage of electric 
furnace steelmaking lies in the greater 
flexibility of the arc furnace 


This statement is taken from the techni 
cal and economic study prepared by Battelle 
Memoria! Institute* and published in July 
1953. As comprehensive and complete as 
this study was, there are, of course, a num 
ber of factors of this kind which could 
not be fully discussed within the scope of 


Battelle's assignment 


In alignment with our expressed policy 
of dealing more completely and in more 
specific terms with various aspects of the 
electric furnace, our Guest Author has de 
fined in some detail the term “ flexibility’ 
as applied to the electric furnace, and has 

spelled out” its importance in steel mak 
ing. The feature article, FLEXIBILITY OF 
rHeE E_ecrric ARC FURNACI WHAT 
iT MEANS TO THE STEEL PRODUCER, by 
E. A. Hanff, contains an accumulation of 
knowledge acquired from many years of 
association with the steel industry and ex 


perience in equipment building 


We are always glad to receive your com 
ments on CARBON AND GRAPHITE NEWS 
They enable us to keep this publication 


( losely attuned to your interests 


PRESIDENT 


*Comparatiwe Economics of Open-Hearth and 
Rlectric Purnaces for Production of Low-Carbon 


Steel, a technical and econom ponsored at 
Battelle Memorial Institute by Bituminous Coal Re 
search, Inc., and fourteen electric utilit mpanies 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, New York 
in Canada: Union Carbide Canada Limited, Toronto 
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FLEXIBILITY OF THE ELECTRIC ARC FURNACE-— 
WHAT IT MEANS TO THE STEEL PRODUCER 
By E. A. HANFF 


ISCUSSIONS and analyses of the electric ar 

furnace invariably make some reference to its 
flexibility, but definitions of this attribute are lack 
ing, possibly because it lends itself to many inter 
pretations and can encompass practically every 
phase of electric furnace shop operation. This is 
in contrast to the more easily defined advantages 
of the electric furnace, such as: high thermal effi- 
ciency, close quality control, low capital invest 
ment, high rate of production, compactness, re 
duced down-time, low maintenance and labor cost 


and so on 


What Is Flexibility 
The dictionary defines FLEXIBILITY as that which 
is responsive to, or readily adjustable to meet re- 
quirements; susceptible to modification or vari 
tion; manageable and adaptable 
The purpose here is to examine, within the 
framework of this definition, the many ways in 
which flexibility of design and operation of the 
electric ; irni atisfies the changing require 
ments o | industry 


Flexibility to Meet Changing 
Business Conditions 


Of real interest and concern to steel producers to 


day is the necessity to adapt their operations t 
meet changing market demands. changing work 
week and work-day schedules and, at the sam« 
time, to avoid the adverse influence of var 
availability 


Ying 
and quality of raw material supplies 
and fuels. These are only some of the more obvious 
factors. The flexibility of the electric arc furnac: 
meets these conditions in many ways 

The short melting and refining cycle of the ar: 


furnace lends itself to any practical shift and 
work-day schedule, with the ability to change, al 
most at a moment's notice, to a different schedule 
Since long and costly preparations for starting up 
are unnecessary, one or all of the arc furnaces in 
the shop can be put on the line with a minimum of 
expense. No serious thought need be given to keep- 
ing the furnace hot between heats, as must be done 
with most other melting furnaces 
Flexibility in operation allows the shop to pro 
duce on three shifts or on only one shift, if desir 
able; or only during off-peak, low-cost electric cur 
rent-load periods at an economic advantage. Larg« 
ingot production shops are thus in a position to 
hift over partially or entirely to custom produc 


tion of practically any 


product analysis, in any 
quantity, and at any time 

The average are furnace an be overloaded ti 
130 per cent of normal capacity as normal practice 
wr it can tap a special heat of only 30 per cent of 
its rated charge and still be able to slag-off th 
undersized heat. There are instances of are fur 
naces being overloaded as much as 100 per cent to 
meet critical demands. This is of particular impor 
tance in the production of special castings for 
which large melting equipment is not justified be 

ise of intermittent demand 

When competition is most acute, the buyer 

demands quick delivery of product 
iuse h i 168 lé inventory and 18 in a po 
to be critical of types and quality of material. Steel 
producers are in a good position to meet thes 
conditions with the electric furnace by changing 
compositiol quantities and operating shifts at 
will and with economy 
Continued on next page 
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Nose Tilt 
Crank Operation 


By virtue of its flexibility in size, needed electric 
furnace capacity can be installed in units or mul- 
tiples of units from under two tons up to two hun- 
dred tons. This fact, coupled with its inherent 
flexibility of starting and shutting down at will, 
provides a versatile production melting unit. 
Though the trend is toward larger units, the spe- 
cialty shops continue to operate the smaller units 
to considerable advantage where small heats of 
special analysis are required, or for making small 
castings where small heats of steel with high pour- 
ing temperatures are needed. Generally, the wider 
the range of furnace sizes available in a shop, the 
greater the overall flexibility of work scheduling 
and consequent production efficiency. 

A discussion of plant operation and expansion 
quite logically leads to consideration of: 


Flexibility in Types of Product 


It is now well established that, regardless of analy- 
sis, steels of the highest quality and superior me- 
chanical properties are produced in the electric arc 
furnace, largely because of the ease of controlling 
slag-metal reactions and bath temperatures. The 
arc furnace is used to melt and refine iron, produce 
common steels, and the entire family of high qual- 
ity stainless steels. Whether the product be com- 
mon low-carbon steel, low-chrome hardening steel, 
aircraft quality steel, high-carbon bearing steel, 
electrical steel, high-speed tool steel, permanent 
magnet steel, cobalt-base heat-resistant metals, or 
any of the many other high-and-low-alloy grades, 
the closest metallurgical control of reactions, the 
transformation of elements, and the maintenance 
of temperature are demanded. These are easily- 
met requirements for the electric furnace. 

The are furnace can utilize oxidizable alloying 
elements much more efficiently, and permits recov- 
ery of oxidizable elements from the scrap because 
of flexibility in the oxidizing and reducing periods 
of the heat. Operating control, both metallurgical 
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and thermal, is much closer, with the result that, 
in basic practice, the sulphur content may be 
readily reduced to very low levels without diffi- 
culty. There is no contamination of the bath be- 
cause the ‘‘fuel’’—electricity—contains no sulphur 
or other impurities. This latter condition is of par- 
ticular importance in assuring the uniformly high 
quality of all electric arc furnace products. 


Flexibility in the Utilization of Scrap 
Fluctuating scrap prices point up the importance 
of flexibility in the types and qualities of materials 
that can be charged in an electric furnace. The 
modern top-charge type of furnace operates effi- 
ciently on a variety of types and sizes of scrap, 
ranging from steel turnings and iron borings to 
crop ends, skulls, heavy melting-scrap bundles and 
scrap ingots. Even unbound materials can be 
charged at a considerable saving in scrap cost. 
Thus the ability to consume most types of scrap 
without regard to size, weight or density, places 
the arc furnace steel maker in an enviable position 
from the standpoint of cost of metallics. 


Flexibility in Slagging Practice 

Slag composites used in the arc furnace can be 
controlled with much greater ease than in other 
conventional melting processes. The tilting mech- 
anism makes slagging-off a simple operation. This 
permits the easy establishment of oxidizing, reduc- 
ing or neutral slags, or any combination or succes- 
sion of such slags. It also is well known that the 
arc furnace requires much less slag than other 
melting furnaces—meaning, of course, there is less 
slag-material cost, less heat loss, and less metal 
loss; there also are less slag-making materials to 
add, handle and dispose of. 


Flexibility in the Foundry 


In addition to the broad variety of materials pro- 
duced in the steel mill, the electric arc furnace is 
a most flexible unit in the steel foundry. Besides 


Side Roller Trunnion 
Hydraulic or Screw 
b Operation 










~ ll A ey 


‘_Ae” $30 at tad £04, , . 
ORION Cie ae he Dg inthe He 
“ ON ed aS al} , or - Dg Qe nop y a Bod, 








Side Rocker 
Horizontal Screw and Nut 


<—a|)> 


— _ 
~—— 

















its basic use for melting metals, the same type of 
furnace is used for off-setting heat losses in foun- 
dry duplexing, and as a super-heating furnace to 
raise the temperature of iron melted in the cupola 
for pouring large numbers of small castings. It also 
is used economically to hold steel from a converter 
when more than one heat is required for pouring 
very large castings. 

Because of its flexibility in size and construction, 
the electric arc furnace can be located without diffi- 
culty in an existing foundry or, when building a 
new arc furnace foundry, its size and operating 
characteristics allow many economies in the con- 
struction of the buildings 


Flexibility in Design 

Much the larger part of new furnace capacity is 
installed in existing mills and must, in design and 
construction features, take into account such fac- 
tors as head-room, materials-handling equipment 
and floor plan. In this respect, the arc furnace 
offers flexibility of design which makes it suitable 
to almost any size and type of operation. 

Many different tilting arrangements have been 
used. The great majority of furnaces now use 
motor driven tilting means, although hydraulic cy]- 
inders are also used where they may be preferred. 

Two principal mast and electrode arm arrange- 
ments are in use, depending upon the physical limi- 
tations of the shop. The arm and crosshead move 
up and down as a unit in the fixed mast type, while, 
in some buildings, the crane head-room limitations 
require the use of the moving mast construction. 

Several designs of tilting arrangements and elec- 
trode masts are shown in the accompanying illus- 
trations. 

Arc furnaces vary from the six-electrode, ellip- 
tical-shell type that is over 25 years old and still 
in operation, to the original prototype, single-elec- 
trode, bottom-contact furnace that was the fore- 
runner of today’s three-phase, three-electrode, top- 
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charging units. Many different electrode arrange- 
ments are in use—the direct-arc, the submerged- 
arc, and the indirect-are of the non-ferrous unit. 
Of these, the three-electrode, direct-are type is by 
far the most commonly used 

Most modern arc furnaces are designed with 
swing-aside roof for top-charging. They may, how- 
ever, be designed for side-charge by hand, chute, 
or machine. 

Ideal planning recommends a shop designed to 
make full use of the flexibility and broad adapta- 
bility of the electric furnace. 


Flexibility in Plant Location 

The electric furnace plant can be located almost 
anywhere, since it is not dependent upon coal, gas, 
or coal-tar products for fuel. Areas having abun- 
dant electric power can be utilized. This makes 
possible decentralization, bringing the product 
much closer to the consumer market. The building 
of a number of smaller plants at strategic loca- 
tions, rather than the single, large, centralized 
plant, offers many ways to reduce product cost by 
taking advantage of lower freight rates, lower 
power cost, a favorable labor market, and greater 
availability of raw materials. The electric furnace, 
being readily portable, never becomes a fixed part 
of the land. 


Flexibility for the Future 
The future of electric arc furnace steel operations 
can be projected only by using the past and the 
present as a guide—-but this must never become 
a limitation. These things we do know: 

Everyone within the steel industry favors the 
electric furnace over all other types for cold-melt 
practice, and there is increasing use of hot metal 
in the electric furnace. As process methods are 
developed in the future, duplexing and triplexing 
will become more prominent, using the arc furnace 
as the unit to absorb the remelt scrap, as well as 
to refine and adjust final analysis. 


(Concluded on last page) 











HE BROAD acceptance and rapidly increasing use 
aa carbon and graphite in the making, working 
and fabrication of metals have vastly increased 
the industry’s knowledge of the properties of these 
two materials 

In many cases carbon and graphite are the only 
materials that have been successful in meeting the 
severe and exacting requirements involved in han 
dling hot metals and corrosive slags. This is due 
to their well-known properties, such as: they are 
not wetted by molten metals and thus, the metal 
does not stick to them; they maintain their me 
chanical strength well past the temperatures at 
tained in handling molten metals and slags: they 
do not suffer deformation at high temperatures 
their resistance to thermal shock obviates spalling 
and consequent inclusions or other undesirable 
effects of ceramics; their negligible thermal ex 
pansion assures uniformity in size and shape under 
all heat conditions; their light weight facilitates 
handling. Since these properties always have been 
basic requirements in metallurgical industries 
carbon has become the logical choice of economical 
materials for a great many applications 


Blast Furnace Run-Out Troughs 


Carbon in standard block shapes is in wide-spread 


use for run-out trough linings from the taphole 





CARBON FOR RUN-OUT TROUGH LININGS 


to the splash plate. For lining the iron basin and 
runners, standard carbon brick shapes should be 
used. The use of large carbon blocks effects a con 
siderable saving in the cost of installing a run-out 
trough lining because much less time is required 
to handle and place fewer pieces, while chipping 
and fitting are reduced to a minimum 
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The carbon lining is built up of three-piece sec 
tions, each consisting of two side blocks and on 
bottom block laid into a ceramic-lined trough 
Conventional cast iron or refractory constructed 
troughs may be lined with standard carbon bricks 
or slabs, with the voids between the carbon shape 
and the trough filled with ceramic brick bonded 
with carbonaceous cement between the carbor 
brick and the ceramic. As a result of this construc 
tion, repairs can be made to necessary sections 
without replacing the whole construction 

Since iron does not stick to the carbon, iron 
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draining from a carbon runner is exactly like mer- 
cury draining from a glass plate. If the iron is cold 
and of high sulphur content, a skull forms in the 
runner, but it always is loose and easily removed. 
Oxidation can be prevented by brushing the car- 
bon with a clay slurry before each tap. The dis- 
agreeable and costly maintenance of troughs is 
greatly reduced, there is no delay in tapping, and 
the metal is clean. 

Neither does slag stick to carbon, so that the 
same lining practice employed for iron runners 
applies equally well to slag runners. 


Cupola Run-Out Trough and Dam Linings 





The same characteristics of carbon in the form of 
bricks, shapes and paste are found to be ideal for 
cupola run-outs and dam linings also. 

In this case the practice of lining troughs and 


runners differs somewhat from that of the blast 
furnace because of the inherent differences in op- 
eration dictated by the nature of the furnaces 
While these differences are less pronounced with 
back-slagging cupolas, the growing interest in 
front-slagging has presented chemical and metal- 
lurgical problems which require a different con- 
cept of linings for the slag dam and iron trough 

On basic cupola, the trough between the taphole 
and the slag dam is lined with rammed carbon 
paste, with the dam itself being constructed of a 
solid block of carbon, faced with a coating of car 
bon paste approximately 4'.” thick. The run-out 
trough is lined with ceramic brick against the 
trough, then faced with carbon brick and, finally, 
a thick coating of carbon paste 

Carbon has proved itself a superior refractory 
in the front-slagging spout where it is of utmost 
importance to select and properly install good re 
fractories. The refractory at the top of the dam 
is subjected to slag attack; while nearer the bot- 
tom, and also in the runner, it is eroded by the iron 
Because the construction of the dam determines 
its operation, dimensions are quite critical; this 
means that lack of lining stability can change the 
dimensions sufficiently to allow air leakage through 
the taphole, making it necessary to reduce the air 
pressure or stop the operation for repairs 


Copies of CARBON AND GRAPHITE NEWS, Vol. 1, Nos. 1 and 2, are still available 


Write National Carbon Company, 30 East 42nd Street, New York 17, New York, giving name, title and company address 


The terms “Acheson” and “National” ore registered trade-marks of Union Carbide and Carbon Corporati 


NEW PITCH-RESERVOIR* NIPPLE 
KEEPS ELECTRODE JOINTS TIGHT 


Properly made electrode joints are kept permanently 
tight under normal operating conditions by National 
Carbon Company's exclusive new Pitch-Reservoir nip- 
ples, now available for use with graphite electrode di- 
ameters from 14-24 inches 

Identical with standard, tapered, graphite nipples in 
size, shape, tolerances, composition and quality, this 
the pitch-filled 
reservoirs near each end of the threaded portion. As 


new nipple design is distinguished by 


the nipple becomes hot, the pitch flows from the reser 
voirs into the threaded section of the joint where it 
cokes-out, cementing and locking the threads of the 
nipple and sockets together. This action occurs at tem 
peratures well within the range of the operating column 
No manual application of cement or pins is required. 
Highly effective in eliminating collar- and nipple-loss 
at the arc-end of th: “National” Pitch-Reser- 
voir nipples have already resulted in lower electrode 


electrode 
cost and greater furnace efficiency in a number of in- 
stallations 

Detailed recommendations for proper joining proce- 
dure using the new Pitch-Reservoir nipples, Type PR-F 
can be obtained by writing to CARBON AND GRAPHITE 
NEWS c/o National Carbon Company 


*Patents Pending 














FLEXIBILITY OF THE ELECTRIC ARC FURNACE 
— WHAT IT MEANS TO THE STEEL PRODUCER 


(Conclusion) 


The submerged-are furnace is the key to the 
ever-expanding production of such products as 
phosphorus, calcium carbide, silicon, and the fer- 
rous and non-ferrous alloys. 

Still other new fields of arc-furnace utilization 
are the recovery of lead, zinc, and other metals 
from slags, while some steel-makers are using arc 
furnaces to make special slags which are added to 
the ladle. This last usage is the Perrine (French 
slag) process which has received very favorable 
comment. 

Centrifugal casting and the continuous casting 
of steel owe a measure of their success to the elec- 
tric arc furnace as an ever-ready reservoir of hot 
metal at proper temperature and analysis. Nodular 
iron, a8 applied to shell molding, is expediently 
made in the arc furnace by spout addition of nodu- 
larizing alloys. Of outstanding interest also is a 
vast array of new “specialty” alloys. All of these 
products are economic and metallurgical successes 
only because of the electric arc furnace. 

An entirely new field, that of vacuum melting, is 
now being explored. Melting in a vacuum, or in an 
atmosphere of inert gases, is an absolute necessity 
for oxygen-sensitive metals. Research in this field 
has shown that the use of this process in the pro- 
duction of other alloys and special steels imparts 
surprising and undreamed-of properties to the 
product, There are many problems to be solved in 





this development, but favorable progress is assured. 

Competition is becoming keener. The effort to 
improve product quality and reduce its cost never 
has been greater than at present. Whether to 
expand or contract plant capacity, or alter its 
physical structure and facilities, requires serious 
decisions by management. Such decisions involve 
long-range forecasting, millions of dollars, and a 
combination of sound judgment, logic, and an un- 
shakeable faith in the future. The electric arc 
furnace can play a decisive part in meeting these 
requirements of the future 


Summary 


The electric arc furnace has been examined as 
a FLEXIBLE unit that is: “readily adjustable to 
meet requirements; susceptible to modification or 
variation; manageable and adaptable.” Seven ma- 
jor requirements of the steel mill and steel foundry 
have been analyzed in terms of the electric furnace. 
It has been found that no other method for melt- 
ing, smelting, reducing and refining metals and 
alloys satisfies all these closely defined needs as 
fully as the electric arc furnace 


EDWARD A. HANFF received his B.S. degree in Elec- 
trical Engineering at Worcester Polytechnic Institute 
in 1910. Following service as a controller engineer 
with Westinghouse Electric Corporation, he became 
associated with the early design and development of 
electric arc furnaces in 1917. Since that time, he con- 
tinuously has been engaged in the application of in- 
dustrial furnaces of various kinds and is now Vice 
President, Swindell-Dressler Corporation, Pittsburgh, 
Pennsylvania 





NATIONAL Plant, Niagara Works of National Carbon Company 


A Division of Union Carbide and Carbon Corporation 


Third in the series featuring the five plants of the 
company that are devoted to the manufacture of car- 
bon and graphite electrodes, National Plant, shown 
here, is but one of three plants located in Niagara 
Falls, New York. The other two are Acheson and 
Republic Plants 


The manufacture of electrodes at the Niagara 
Works is greatly enhanced by the close integration 
of the three plants. Republic is a baking and finishing 
plant. National Plant forms, bakes and machines coal! 
electrodes, while the Acheson Plant does all graphi 
tizing and machining of graphite electrodes 
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Cutting Oil Chart 


Use this free cutting ofl chart as «@ handy 
guide to production costs and to more effi- 
cient hini ti 

Steel and ncnfeweus metals are charted 
with the proper cutting oil for many appii- 
cations. Shows you 
how to use lubricants, 
sulphurized of com- 
pounded with extreme 
pressure additives, for 
all operations. 
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If you want to perform 


ALDRIDGE Tensile or Brinell testing operations Applies 1 to 10,000 gram loads 


quickly and simply — contact Write for Bulletin 














3401 W. 140th St., Cleveland 11, Obie 
9398 Grinnell Ave. + Detroit 13, Mich. The Torsion Balance Company 
CLIFTON NEW JERSEY 
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LAB-HYAM 


Protective Atmosphere H2N2 
Less Expensive-More Convenient 
LAB size for LAB work 


Protected bright annealing is now here for test and 
pilot runs of electric metals, stainless steels, copper 
or silver brazing; for sintering or reducing powder 
metals and for bright tempering of any ferrous or 
non-ferrous metal or alloy. How about atmosphere? 

At 1900°F. from raw ammonia gas LAB-HYAM 
catalyst chamber produces « 75% hydrogen—25% 
nitrogen mixture from 99.9%, dissociated ammonia, 
delivering protective atmosphere at § to % C.F.H. | 








through needle vaive. 

Ask for Bulletin L-H for more information regarding | 
this new laboratory size Dissociated Ammonis 
Generator ' 





LAB-HYAM H2N2 GENERATOR 


AT LEFT, LABORATORY AND PILOT PLANT 
APPLICATIONS WITH CYLINDRICAL AND TUBE TYPE FURNACES 


BODE SCIENTIFIC COMPANY 
Polar atcAmris 1-sesn RON 22. A. 
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Inspection 


Demagnetizing 


or Sorting 
PROBLEMS? 


SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 
Electronic Equipment for non-destruc- 
tive production inspection of steel bors, 
wire rod, and tubing for mechanical 
faults, variations in composition and 








MAGNETIC ANALYSIS 
DEMAGNETIZERS 

Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single . 





MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 





MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 
inexpensive pocket meters for indi- 
cating residual magnetiom in ferrous 
materials and parts. 





For Details Write; “THE TEST TELLS” 


MAGNETIC ANALYSIS CORP. 
42-44 Twollth St., Long Island City 1, M. Y. 
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New Taber V-5 Stiffness Tester is 
now available with 8 test ranges 
instead of 6. Now flexural rigidity of 
very thin materials such as metal foil can 
also be determined with SR 150-14 
attachment. Recognized as the official 
test of initial and basic stiffness of 
sheet and wire, the V-5 has standard- 
ized test length, angle of deflection, 
and rate of loading to assure coordi- 
nation between laboratories. Direct 
dial readings. 


Tests all metals for 
WEAR RESIST- 








ANCE under simu- 
lated conditions 
Gives accurate nu- 
merical index for 
reports. Easy to use! 
Write for 
Mustrated Literature 
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Soluble Gold 
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For positive blackening of steel and iron 


parts... 
USE SWIFT BLACK! 

For efficient metal cleaning 
USE SWIFT METAL CLEANING 
COMPOUNDS! 

For certain rust prevention 
USE SWIFT RUST 
PREVENTATIVES! 

For heat treating 
USE SWIFT SALT BATH! 


For quenching 


USE SWIFT QUENCHING OILS! 


Send TODAY for descriptive litera- 
ture and technical data sheets. 
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INDUSTRIAL CHEMICAL CO. 
Canton Connecticut 
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, accurate, non-destructive 


THICKNESS MEASUREMENTS from oneside 
and accelerated METAL CLEANING 

VIDIGAGE Automatic Thickness Tester 
erecongr y-1 | 21” Cathode-Ray Tube. infinite Ranges 2:1, as selected, 


between 0.01 


and 6” of steel or equivalent. Accuracy 0.1%—1.0% 


according to use. 


AUDIGAGE® Portable Thickness Testers 
Battery-Operated. Ranges 0.020"-4" and 0.060"-12” of 


steel or equivalent 


SONOGEN Ultrasonic-Power Generator 
for Metal Cieaning and other Industrial uses. 


RANSON: 
NSTRUMENTS. in. 
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439 FAIRFIELD AVE+ STAMFORD: CONN. 


Literature 
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RUST: LICK 


QUEOUS SYSTEM 
Grade "B" 
PERROUS 
METAL PROCESSING 
Eliminates .. . 
Rust 
Fire Hazards 
Toxicity 
Dermatitis 
Degreasing 


Write for tree sample ond brochure 
Specify Grode ‘'8** 
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EQUIPMENT COMPANY 
122 Central Avenue, Clark (Rahway), N. J. 
Offices and warehouses in principal cities 


CIRCO VAPOR DEGREASERS—large 
or small—automatic or manual oper- 
ation 

CIRCO METAL PARTS WASHERS 
custom engineered to suit your pro- 
duction needs 

CIRCO-SONIC DEGREASERS — new- 
est development—cleaning by ultra- 
sonic vibration 

CIRCO-SOLV (Trichlorethylene) and 


PER-SOLV (Perchlorethylene) — high 
purity, low-cost solvents 





FREE! Write for 32-page CIRCO Degreasing Manual 
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¢ Hairpin Hooks 


FABRICATED MONEL 
PICKLING EQUIPMENT 


Sheet Crates 


¢ Steam Jets * Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


‘we seen Ye, 2enentm ae: 
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for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 


of any size and shape — 
any ductile metal 








BASKET 


for all 
industrial 
requirements 








MFG. CORP. 
28 Pequot Road 
Southport, Conn. 








Bodice 





The Marlin Firearms Co., “Famous 
for Fine Guns since 1870", has long 
depended on Dvu-Lite block oxide 
for an attractive finish thot will 
be dimensionally stable throughout 
the life of the gun. 


The Du-Lite process provides intri- 
cate precision parts with a durable, 
rust-resistant black oxide finish. 
And since Du-Lite penetrates the 
metal, all crevices and knurls ore 
protected without affecting dimen- 
sions or fit. 


| 
) If your target is durable, 
attractive, economical 
finishing, you'll want to 


know more about Dvu-Lite black 
oxide. 


Whatever your cleaning or finishing 
problem—Depend on Du-Lite. 


Write for complete 
POSSOSSOSOSSSS2SS2886808888 


*' DU-LITE CHEMICAL CORP. 

5 MIDOLETOWN, CONN, 

Send more information on Dy-lite. .. 6.6 6+. 5s oO 
Send information on metal finishing products . () 
Hove your representative coll... .... : »-o 


information. 


Seeececaeaanaeeeaeeee 
eececeeseceesesed 


ro) u-bi te 
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This amazing manual is guaran- 
teed to open your eyes! Gives 
latest, up-to-the-minute facts on 
new developments in advanced 
barrel finishing equipment, com- 
pounds, abrasives. Shows how sin- 
gle unit installation replaces from 
2 to 12 men. Investigate. Send for 
FREE 52 PAGE CATALOG 
Write 917 Marshall Street 


‘ALMOND I 
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TECHNIC 
Soluble Rhodium 

For 
Industrial 

and 
Decorative 
Electroplating 








IELCANIC ING. 


LIST NO. 116 ON INFO-COUPON PAGE 6) 


METAL PROGRESS; PAGE 56 











UST-LIC 


IN 


AQUEOUS SYSTEMS 


Grade “C-W-25° 


Non- flammable 
Non-toxic 


Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free sample and brochure 
Specity Grade ‘'C-W-25"' 

















MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 
Custom-made for your specific 


material removal problems 


Foundry Snagging—Billet 
Surfacing—Centeriess Grinding 


Cutting and Surfacing concrete 


granite, and marble 





“Moldiscs” for rotary sanders 
Grinding and Finishing 
stainiess steel welds 
Bearing Race Grinding 

and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—tstandard and reinforced wheels 


Grinding Carbide Tipped Tools 
a 








Write to Abrasive Wheel.Depertment 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
92 TOWNSEND ST. @ PASSAIC, WN. J 
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calahMeaal: 

MOLYKOTE line hi 
ndustrial lubricants 
yne of the most 
ectacular contri 
ons to metal! 


ogress in ry any 


ecades. Send for 


terature today 
retaleMmaal lane lael ia 


a trial supply 


MOLYROTE 


The tremendous lubricity of 
MOLYKOTE depends on the 
unique molecular structure of 
the compound. Reed the story 
behind its development and the 
jobs it.can do better than ony 
other lubricants 


Send for free catalog today! 
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HESE Stainless Steel Aircraft Parte, 
Hardened at 2000° and Over, Remain 
Sparkling Bright With Neo Appreciable Size 
Change ... A Tribute to STANDARD’'S 
Craftemanship and Exclusive Processing. 


YOUR SAMPLES PROCESSED FREE OF CHARGE 





LIST NO. 40 ON INFO-COUPON PAGE 6! 








WHITELIGHT 


your comprehensive inde 
source of magnesium alloy 
Tubes *© Rods * Shapes * Bars 
Holiow Extrusions * Plate * Sheet 
© Pipe * Wire * Welded and 
Riveted structures and assemblies 





WHITE METAL ROLLING 
& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 








Sales Office 
576 Latayette St., New York 3, MN. Y. 
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+ STATISTICAL 
| | QUALITY CONTROL 


To ensure uniform 
high quality and closer 
tolerances, American 
Non-Gran Bronze uses 
statistical quality con- 
trol in its contract 
machine work. Learn 
what this can mean to 
your product. Write! 
AMERICAN NON-GRAN 
Bronze Co., Berwyn, 





Write for book “Our 


Story in Pictures” 


‘ 
t 
4 
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FORMED 









Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 
degree of Gecuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ROLL FORMED PRODUCTS CO 






Mate SOFIE AHS Lane 


3761 OAKWOOD AVE. + YOUNGSTOWN, OnIO 
LIST NO. 101 ON INFO-COUPON PAGE 6/ 
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your product 
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MM 
MAKRWRH 
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RIGID-tex METALS 


Take that new oduct of yours, make 
it dent-scuff-scratch-resistant, give it plenty 
of rugged impact resistance, reduce its 
weight and double its strength, and finish 
it up packing it full of buying-eye 
appeal ou can do all this when you 
specify Rigid-Tex Metals right into your 
product designs! Find out for yourself 


Send for new Il6-page complete catalog— 
on compan letierbead, please—or see 


Sweets Catalog la/Ri, 
arr RIGIDIZED METALS , 
METALS 
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STAINLESS SCREW CO. 
Come oes oe Litto Fate 4-2000 


647 Union Bivd., Paterson 2, H.4. 
Direct NEW YORK Telephone: W! 7-904! 
LIST NO. 9 ON INFO-COUPON PAGE 6! 








A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 


from solid stock 
Only finish oper- 
ations required 
are reaming small 
dia. of counter. 
bored hole and 
drilling and tap 


ping for set screw 
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osk SESSIONS 


STAMPED ASSEMBLIES 
SAVE TIME & MONEY 









Send samples 
or prints for 
quotations 

on special 
stampings and 
sub-assemblies. 





291 RIVERSIDE AVENUE © BRISTOL, CONN, 
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GARDEN CITY Industrial FANS 


For a wide choice ... GARDEN CITY FANS 
designed with FORWARD BACKWARD 
or RADIAL BLADES, serve many ‘dustrial 
processing requirements. 


If your needs call for HIGH TEM- 
PERATURES (300° to 1600°F) you'll 
find GARDEN CITY HIGH TEMPERA 
TURE FANS save you money. Patented 
air-cooled shaft slices maintainence 
costs. 


Send for our latest catalogs. illustrating 





GARDEN CITY INDUSTRIA FAN equip- 
ment. For specific details, outline your fan 
problems to us, giving cubic feet per minute, 
static pressure, and just how you intend to 
use the fan. We'll be pleased to suggest a 
fan for you. 


GARDEN CITY FAN COMPANY tare 


332 South Michigan Avenue — Chicago 4, Illinois 


Representatives in principal cities 





wraty 
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GET A BID FROM 


HOOVER HOEGARAES 


SPECIALISTS IN THE FIELD OF 


Die Castings SPONGE Iron PownER 


SINCE 1922 for 


Aluminum and Zinc Powder Metallurgy 
Fabrication 
and other 


Metallurgical Purposes 
EKSTRAND & THOLAND, Inc. 


THE HOOVER COMPANY 441 Lexington Avenue 


Die C Division 
ow a ve a — New York 17, N. Y. 





Maurath, Inc. 
For 







Stainless and , 
Heat Resistant 

ARC WELDING | 

ELECTRODES } LIST NO. 74 ON INFO-COUPON PAGE 6 LIST NO. 63 ON INFO-COUPON PAGE 4! 

e + * 


} AUTOMATIC WELDING 
All Analyses - Coated, } 
} Straightened - Cut - 
Coiled and Spooled 



























“*'SILVERCOTE''® 


BERYLLIUM 
COPPER 


TITANIUM © BRONZES * ALUMINUM, 
] COPPERWELD + SILVER PLATED WIRES 
OTHER NON-FERROUS 


rounn WIRE riar 


for 
* SPRINGS 

* FORMS 

* ELECTRONICS 


A CABLE SPLICED 
IN 10 seconps! 


ee eee ee 


















* SPECIAL PURPOSES 
| MAURATH, Inc. 
| 21830 MILES AVENUE LITTLE FALLS ALLOYS 
| NORTH RANDALL 22, OHIO NCORPORATE 2070 E. 61st Place, Cleveland 3, Ohio 
o Phone: MOntrose 2-6100 eee Geewen ove. > en ee Write for Caddy Catalog 
LIST NO, 72 ON INFO-COUPON PAGE 61 LIST NO. 6 ON INFO-COUPON PAGE 6! LIST NO. 71 ON INF , 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 
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For Instance: 






fast... inexpensive way to expand your 
plant facilities. Choose from 27 Models. 
1. You save time and money by keep- 
ing heat treat jobs for parts 
| in plant. 

2. It’s easy to establish a new depart- 
ment at small cost in proportion to 
benefits which result. 

3. Cooley heat treat furnaces pay for themselves 
through savings in time and subcontracting costs. 

4, Heat treat operations are easily performed with 
Cooley designed furnaces. 

Write now for Catalog 

giving complete details 
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HEAT TREATING 


LECTRIC MANUFACTURING CORP. 
38 SO. SHELBY ST. + INDIANAPOLIS, IND. 


FURNACES 







































BASKET and 





Style #13 In salt hardening beth application 


Representative inquiries Invited. 
Specialists in Processing Carriers Since 1932 








FOR ALL YOUR 
FIXTURE 


144 ee 


BASKETS © RETORTS 
MUPFLES © GRIDS 
SCREENS © RACKS 

for Quenching, Carburizing, 

Salt Bath, Dry Heat Applica- 

tions, etc 














i 
in one continuous operation 
AUTOMATICALLY 


Parts are conveyed automatically through 
2 gas fired hardening furnaces and into 
the quench tanks, from which the lines 
converge for direct conveyance to the 
METALWASH Spray Washer, where 
quenching oil is prior to 
tempering 


removed 


The METALWASH Spray Washer conveys 
the work directly into the continuous 


tempering unit. Combination washing 


and tempering machines also available 
Write today for information about the 


METALWASH way to Heat, Quench, Wash 
and Temper AUTOMATICALLY 


METALWASH 


Quench Tonks and Tempering Gai 





METALWASH MACHINERY CORPORATION 
908 North Avenue, Elizabeth 4, N. J. 


in Coneda, Canefeo, Ud., Toronto, Ontarie 
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STANWOOD 


the country 


type of basket, tray 


of your problems 


has the Experience! 


For nearly o quarter century onweed Heat Treating Equipment has been 
the standard in Heat Treat ng Shops 
Stanwood has designed ond built every conceivable 
fixture 
box to handle ports through heat treating 
os well as retorts and furnace ports 
to Stanwood for ao practical, economical solution 


Write for catalog 


Stanwood 4 Grpotation 


4817 W. Cortland Street, Chicago 39, Illinois 


job ond captive shops all over 


and carburizing 


look 
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Mere than two thousand satisfied users 
WILL TESTIFY You 


SAVE 3 WAYS 
WITH A LUCIFER FURNACE 


1—Save on First Cost 


CHECK THESE PRICES 


Furnace Size 2000 2300° 
6x 6x12" $ 500 00 $ 600.00 
Ox Oxi” 750.00 850.00 
121224” 1000.00 1100.00 
16x16x30” 1600.00 


1500.00 
Complete with 100% autematic 
electronic controls. 


2—Save on Man Hours 
Less operator attention needed— 
are EXACT, T 

and retain SPECIFIED temperature without varia- 

tion. No experience required when you use 

& Lucifer Furnace, 


3—Save on Maintenance 


Finest refractory materials are built inte Lucifer 
Furnaces tor better, more eMcient heat retention. 
Elements are guaranteed, tong lived, trouble free. 


WRITE FOR 






PREE LITERATURE, cpecificctions 
Lucifer 





and list of es in widg range 
| a White. 
wire or phone : ‘ 








FREE = 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 





quenched in Beacon 
Quenching Oils with 
QUENZINE added 
Por information on 
tiHlis new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 









INDUSTRIAL OILS, Inc. 


2401 W. 140th GBt., Cleveland 11, Obie 
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DEMPSEY 
FURNACES 


GAS, OIL AND ELECTRIC 
BATCH @#® CONTINUOUS 


ATMOSPHERIC - RECIRCULATING. 
PUSHER — ROTARY HEARTH — 
CONVEYOR — RADIANT TUBE - POT 
CAR-BOTTOM- ALUMINUM REVERBS. 


“Tailored by Dempsey” 














DEMPSEY INDUSTRIAL FURNACE CORP 
Springfield 1, Mass 
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CIRC-AIR 





HEAT TREATING 
FURNACES 


for 
Every Heat Treating 
Process 
* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
aa 
CIRC-AIR NICARB 


(CARBONITRIDING) 





<= Oo 
Specially Engineered 
for 
Your Particular Needs 
. 


GAS @ OIL © ELECTRIC 


INDUSTRIAL 
HEATING EQUIPMENT 





LIST NO. 19 ON INFO-COUPON PAGE 6! 





LIST NO. 38 ON INFO-COUPON PAGE 6! 


METAL PROGRESS; PAGE 60 


LINDBERG STEEL TREATING CO. 
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Makes SMALL PARTS 
GROW ... in Value! 


Carbonitriding by 


LAKESIDE 


Plus these comprehensive, complete scientific steel 
treating services: Electronic Induction Hardening, Car- 
bonitriding. Flame Hardening, Heat Treating, Bar 


Stock Treating and Straightening (mill lengths and 
sizes), Annealing, Stress Relieving, Normalizing, Pack, 
Gas or Liquid Carburizing, Nitriding, Speed Nitriding, 
Aecrocasing, Chapmanizing, Cyaniding, Sand Blasting. 
Laboratory Physical Testing. 


"4 S418 LAKESIOE AVE, CLEVELAND 14, OHIO HENDERSON FOT00 














Upton 


-- o « OPFERS 


| 
| 
| 
| 


the most advanced || 


Salt Bath Furnaces 
ee | 
BATCH 


TYPE 
WORK 


° 


CONVEY ORIZED 
TYPE 
WORK 


° 


ALUMINUM 
BRAZING 





UPTON ELECTRIC FURNACE (CO. 
16808 Hamilton Avenue | 





Detroit, Michigan 
Phone: Diamond 1-2520 








OQUPON TO RIGHT 














A complete summary of Hays products applicable to 
processes such as annealing, brazing and calorizing. 
Scope includes various methods of firing (under- 
fired, overfired, sidefired), fuel burned (gas, coal, 
oll), and type of furnace (continuous, rotary hearth, 
slab heating, etc.). 


Hays complete line of draft gages, flow gages and 
meters (for high and low pressure gases and liquids), 
portable gas analyzers and automatic CO, recorders 
are covered. 


Write tor bulletin 51-750-51 
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READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Obie 


Please send further infermetion, as checked of the right, on the edvertisements in the 
Bulletin Board with numbers | heve listed below — 
(Please check) 


Send Catelog Send Nearest 
or Engineer- Price Source of 
ing Date Into Supply 
; = a 
(Bulletin Board Item Number) ” 


_ : CO CO 


.< = 


OOOoO0 
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4-point service 


Westinghouse, manufacturer of gas, oil and elec- 
tric heat-treating furnaces, offers an expanded 
and comprehensive service to help you get maxi- 
mum speed, quality and dollar savings from your 
heat-treating operation. The savings realized 
stem from Westinghouse ideas, know-how and 
manufacturing Capacity. 

In scope, this service ranges from unbiased 
recommendations of fuel, equipment and contro! 
devices through manufacturing, packaged insta! 
lation and proper maintenance of your heat- 
treating system. 

Call your nearest Westinghouse sales office for 
complete information ... ask for The Man With 
The Facts on industrial heat-treating. 


Les Gillette, Sales and 
Order Service Mgr., West- 
inghouse Industrial Heating 
Division, explains how this 
exclusive service brings 
greater economy to your 
heat-treating operation. 






Westinghouse engineers study your plant arrangement, Unique production line techniques permit close quality 


talk to company engineers and dig into every phase of checks on furnace manufacturer from point of initial 
your heat-treating picture. With unbiased recommenda- materials through final assembly and testing. Above is 
tions, these Westinghouse specialists often point out one in-line assembly and testing area in the Westing- 
new techniques that could improve operations. house Meadville plant. 
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per dollar... 


1. Engineering consultation and recommenda- 
tions — Westinghouse engineers, experienced in all 
phases of heat-treating, thoroughly analyze your 
problems firsthand. They'll talk things over with 
your engineers, then make unbiased recommenda- 
tions as to type of basic and auxiliary equipment 
most suitable for your needs. 


2. Skillful equipment design— Most of our design 
engineers have at least 14 years’ experience in the 
erection, operation and maintenance of industrial 
furnaces. This background of factory and field 
know-how makes advanced and skillful furnace 
design the rule at Westinghouse . . . design that 
assures heat-treating to highest quality, speed and 
economy standards. 









Westinghouse ships erected furnace sections with parts 
fitted and matched. This pre-packaged shipment saves 
you storage and handling problems. Westinghouse will 
supervise or undertake complete furnace erection and 
installation, thereby assuring peak operating efficiency. 


gives you more heat-treating 


you can 6 SURE...1¢ is 


Westinghouse 


3. Quality manufacturing techniques — Furnaces 
tailored to your requirements are manufactured 
entirely within the Westinghouse plant on a pro- 
duction line procedure. This means close quality 
checks, by experts, during every step of assembly 

. » means packaged equipment and pinpointed 
responsibility. 


4. Unique packaged installation — Installation 
of completed equipment is done in one quick oper- 
ation. Everything is shipped intact . . . no assembly 
work required in your plant. Westinghouse instal- 
lation teams are thorough and efficient. What's more, 
Westinghouse engineers establish maintenance pro- 
cedure for you and check back periodically to assure 


peak efhiciency from equipment. j-10458 








“ee eeeeeeeeevoeaeee eee eeaeaeaeeeeeaeeeeeeneeeaeneeaeneee 


Put this service to work for you! 
For more information, mail this 
coupon or call your nearest 

I Westinghouse Sales Office. 


Westinghouse Electric Corporation 
3 Gateway Center, P. O. Box 868 
Pittsburgh 30, Pennsylvania 


[_] Please hove your representative call 


[_] Please send more information on your new 


heat-treating service 


Nome 
Company 


Address State 








REFRACTORY CONCRETE CAR TOP in use at Commercial Steel Treating Co., Detroit, Mich. This car top is made 
with Zero ZR-13, a Lumnite-base castable produced and marketed by Standard Fuel Engineering Co., Detroit, 


Mich. For over 15 years this company has used refractory concrete for car tops and furnace door linings 


Why does refractory concrete 
make the best furnace car top? 


EASY TO CAST—TROUBLE-FREE SERVICE! De- 
spite repeated thermal shock and temperatures to 1850 
F., Refractory Concrete car tops on this particular job 
gave more than twice the service life of car tops made 
with previously used materials 

These durable car tops need less maintenance... cut 
over-all costs. Smooth, one-piece sections form an even, 
level base for castings. And they are easy to make with 
Lumnite* calcium-aluminate cement and refractory 
aggregates. 

For added convenience, you can use a Lumnite-base 


castable mix — Lumnite cement plus aggregates selected 
for specific temperature and insulation needs. All you do 
is add water, mix and place. Castables are made and dis- 
tributed by leading refractory manufacturers 

You'll find Refractory Concrete made with Lumnite 
cement excellent for use wherever heat, corrosion or abra 
sion are problems. Easy to place—by plastering, pouring 
or cement gun—and it’s ready for use within 24 hours! 
For more information, write Lumnite Division, Universal 
Atlas Cement Company (United States Steel Corpora 
tion Subsidiary), 100 Park Avenue, New York 17, N. Y. 


OFFICES: Albany, Birmingham, Boston, Chicago, Dayton, Kansas City, Minneapolis, New York, Philadelphia, Pittsburgh, St. Louis, Waco 


*"*LUMNITE" is the registered trade-mark of the calcium-aluminate cement manufactured by Universal Atlas Cement Company. 





wr. 100 





LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 





UNITED STATES STEEL HOUR— Televised olternate weeks 
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See your newspaper for time and station. 
















standard for comparison 


...and with high speed steels 
the standard is REX 


Living up to a standard for comparison isn’t easy. 
That’s why Crucible lavishes special care on the 
manufacture of REX® high speed steels... to keep 
REX the standard wherever high speed steels are 
used —as it has been for over half a century. 


It’s easy to prove the superiority of REX. Use it 
on the job...check its size, structure, response to 
heat treatment, fine tool performance. You'll agree 
with thousands of cther users—you can’t find a 
high speed steel to outperform REX, 


Remember, REX is made only by Crucible. So 
call for REX at any Crucible warehouse, or for quick 
mill delivery. Crucible Steel Company of America, 
Henry W. Oliver Building, Pittsburgh 30, Pa. 





Visit us at Booth 350 


Western Metal Show ‘ P 
Lon Angeles Mer. 28-Apr CRUCIB LE| first name in special purpose steels 


Crucible Steel Company of America 
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A SPECIAL REPORT ON PROTECTIVE FINISHES 


FOR ALUMINUM 


Most aluminum producers and fabricators are well aware 


of the superiority of chemical finishes over anodizing for 


the protection of aluminum from corrosion. Naturally, 


then, there is a running battle for acceptance among the 


leading producers of the protective chemical finishes. 


That’s why, here at Allied, we have 
always studied your needs with regard 
to both our own and competitive pro 
cesses. We're constantly trying to pro 
duce new and better finishes because 
we believe there’s always room for 
improvement ... even to our own 
products. Some years ago this policy 
led to the introduction of a process, 
long in development, that offered you a 
way to overcome anodizing’s obvious 
technical complications... Iridite #14. 
This finish was far easier to use than 
anodizing, yet provided comparable, 
if not superior, quality. And, its cost 
was much less than anodizing 


But other finishes offering similar ad- 
vantages over anodizing have entered 
the market. So .. . the current battle 
for acceptance. By any cost comparison 
Iridite #14 is the most economical. 
However, corrosion tests by users show 
contradictory results as to performance 
from Iridite #14 and other leading 
protective finishes for aluminum. Most 
tests show Iridite #14 superior, but 
some do not. The margin of difference, 
however, is always small. The truth 
is that all have proved good. However, 
our laboratory research indicated that 
still further improvements could be 
made. 
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That knowledge 
give you even better protection and 
maintain the leadership of the industry, 
is exactly why Allied Development 
Engineers have been working for long 
years to develop a better finish than 
any of those now available, including 
our own Iridite #14. 


... plus our aim to 


Now the new finish is ready for you. 
It’s called Iridite # 14-2 (Al-Coat). 


From a performance standpoint, Iridite 
#14-2 gives you two important advan- 
tages in the protective finishing of 
aluminum. 


FIRST: in its fully colored brown 
film stage it provides corrosion 
resistance decidedly superior to 
previous processes. 


SECOND: the basic brown film can 
be hot water bleached to produce a 
clear-type film with protection here- 
tofore unobtainable from clear-type 
chemical finishes. 


From an operating standpoint, new 
Iridite # 14-2 gives you three important 
advantages. 


FIRST: it provides consistently 


higher corrosion resistance for dif- 
ferent aluminum alloys treated in 
the same bath. 


SECOND: it provides a more 
uniform appearance for parts of 
different alloys and with varied 
surface finishes before treatment. 


THIRD: its operating and technical 
characteristics are superior to those 
of other processes. 


If you are using or planning to use a 
chemical finish for aluminum, you 
should have full details on new Iridite 
#14-2. Write us or send samples for 
free test processing. Or, for more im 
mediate advice, call your Iridite Field 
Engineer. He’s listed under “Plating 
Supplies” in your classified telephone 
book. ALLIED RESEARCH 
PRODUCTS, INC., 4004-06 EAST 
MONUMENT STREET, BALTI 
MORE 5, MARYLAND 


P. S. Even new Iridite #14-2 will be 
constantly measured against both your 
needs and competitive processes to 
make sure you get the best possible, 
most economical finish for your product 
that man and the laboratory can 
develop. 





HIGH-TENSILE STEEL 





















You can design light weight, longer life, and economy into 
your products by including N-A-xX HIGH-TENSILE in your plans 


It is 50° stronger than mild steel 

It is considerably more resistant to corrosion 

It has greater paint adhesion with less undercoat corrosion. 
It has high faticue life with great toughness. 

It has greater resistance to abrasion or wear 

It is readily and easily welded by any process. 

It polishes to a high lustre at minimum cost 


And with all these physical advantages over mild carbon steel 
—it can be cold formed as readily into the most difficult 
shaped stamping 


When you next start to redesign, get the facts on N-A-xX HIGH- 
TENSILE. It’s produced by Great Lakes Steel —long recognized 
specialists in flat-rolled steel products. 


W-A-K Alley Division 


GREAT LAKES STEEL CORPORATION 


Ecorse, Detroit 279, Mich. . A Unit of 


NATIONAL STEEL wala CORPORATION 
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Service life doubled 
.- with Inconel 


How long do your quenching fixtures last? 
And how much do they have to take? Perhaps 
the experience of The Timken Roller Bearing 


( ompany can help you save on replacement 
costs, 


Roller bearing parts at The Timken Com- 
pany are carburized in natural gas. This heat 
treatment is followed by an immediate oil 
quene h. 


During the whole process the parts are car- 


How The Timken 


Company makes 


ried on a fixture consisting of three Inconel® 
eye-bolts welded to a grid. Formerly, under 





the corrosive conditions and severe thermal 


fixtures that stand ) shock, eye-bolts only lasted an average of 
1350 hours. 
2700 hours of 


With Inconel, The Timken Company finds 
carburizing and 


the service life of these eye-bolts has been 
doubled, and better. Some last up to 3700 
hours. 






oil quenching 


This is possible because of Inconel’s 
combination of valuable properties: its 
strength at high temperatures, its excellent 
resistance to oxidation and corrosion, and 
to thermal shock. 


With these factors present, fabricated, well 
designed Inconel equipment is the logical 
choice for heat treating service followed by 
quenching. Of further importance, Inconel, 
despite its strength and toughness, can be 
readily formed. It is also easy to weld by any 
of the commonly used methods. 


Try Inconel. You'll find, like The Timken 


Roller Bearing Company, that it is a high 


] 


temperature alloy that gives long service 
under severe conditions. And for many sug- 
gestions on practical ways to make Inconel 
heat treating equipment write for our booklet, 
Keep Operating Costs Down .. . When Tem- 


cee a 4 


peratures Go l p. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 


Bivcon Nickel Alloys 


Inconel ..» for long life at high temperatures 
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y 4 


costs cut 4 


Etched cross section of 
port — showing 060° 
hardened depth 





with TOCCO* Induction Heating 


A cost reduction of 94% resulted when heat-treatment of this Corn Harvester part was 


changed from carburizing to TOCCO-hardening. Look at the unit cost breakdown: 








CARBURIZING 


$0.0020 
0.0200 


Degrease 


Carburize 


Ist quench . 0.0150 
2nd quench. 0.0150 . 
Draw . +. 0.0050 
Shotblast. 0.0035 
Internal Grind 0.0243 
External Grind 0.0166 
$0.1014 


. eliminated 


TOCCO-Hardening 


eliminated 
eliminated 
rOCCO, heat and quench $0.0060 
eliminated 


eliminated (self-draw ) 


eliminated 


eliminated 


$0.0060 











THE OHIO CRANKSHAFT COMPANY 


moron et 


lwew FREE 


BULLETIN 





Savings of 9% cents per piece— 
$4770.00 on each 50,000 piece batch, 
plus an hourly production increase 
from 120 to 400 pieces per hour, 
plus improved quality of the product 
by virtue of the deeper case and 


stronger core 


Have you investigated TOCCO's 
cost-savings possibilities for your 
hardening, brazing, melting or forg 
ing operations? Why not write us to 
day or send blueprints of your parts 


—no obligation, of course 


THE OHIO CRANKSHAFT CO. 
Dept. 8-3, Cleveland |, Obie 


Please send copy of “TOCCO Induc 
tion Heating.” 


| 

| 

| 

| 

| 

i 

Sa i 
Position ; 
Company | 
Address | 
| 

| 


City Zone State = 
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METAL 


Aimed right at your alloy needs 


the world’s largest alloy steel stocks 


Thousands of tons of certified alloy steel in 1698 
different sizes, shapes, analyses and conditions 
await your call at Ryerson. New leaded alloys 
are on hand in three different carbon ranges. 
Standard analysis steels are supplemented by 
a wide range of aircraft quality alloys. No mat- 
ter what your alloy requirement, you can de- 
pend on Ryerson for quick delivery of highest 
quality steel. 

You won't need to check or test your depend- 
able Ryerson alloys before you use them because 
every bar has been spark tested and identified 
with its own heat symbol—every heat has been 
hardenability tested for you as part of an 8- 
step quality control plan. And should problems 
of application or fabrication arise, Ryerson al- 


A480 

( ER, 

( (CERTIFIED) 
— 
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loy metallurgists will gladly put years of prac- 
tical experience to work for you 

No order is too large to fill from stock, no 
order too small for quick personal service —so, 
next time you need alloy steel call your nearby 
Ryerson plant 








PRINCIPAL 
CARBON STEEL BARS — Hot 
rolled & co'd finished 


ALLOYS —Hot rolled, cold fin 
ished, heot treated 


STAINLESS — Allegheny bars, 


plates, sheets, tubes, etc 


TUBING — Seamless & welded 
mechanical & boiler tubes 


PRODUCTS 
STRUCTURALS 


angles, beams, etc 


Chennels 


PLATES — Many types including 
inlond 4-Woy Sofety Plate 


SHEETS —Hot & cold rolled 


many types & coatings 


MACHINERY & TOOLS — For 


metal fabrication 





RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK ¢ BOSTON © PHILADELPHIA © CHARLOTTE, N. C. © CINCINNATI © CLEVELAND 
DETROIT © PITTSBURGH © BUFFALO © CHICAGO © MILWAUKEE « ST. LOUIS © LOS ANGELES © SAN FRANCISCO © SPOKANE « SEATTLE 

















Western Metal Congress and Exposition 


Los Angeles, March 28 through April 1, 1955 


Cooperating Societies 


AMERICAN Society FoR METALS 

AMERICAN CERAMIC SOCIETY 

AMERICAN ELECTROPLATERS SOCIETY 

AMERICAN FounNpRYMEN’S Socrety, Los Angeles 
Chapter 

AMERICAN INSTITUTE OF MINING AND METALLUR 
GICAL _Encrneers, Metals Branch 

AMERICAN ORDNANCE 
Post 


AMERICAN Society or Civu 


AssociaTion, Los Angeles 

ENGINEERS 

AMERICAN Society OF HEATING AND VENTILATING 
ENGINEERS 


AMERICAN SOCIETY OF 


MECHANICAL ENGINEERS 


Southern California Section 
AMERICAN Society OF REFRIGERATING ENGINEERS 
AMERICAN SocreTy OF SAFETY ENGINEERS 


, the metal manufacturing and 
fabricating West, the 9th 
Western Metal Congress and Exposition, to be 
held in Los Angeles March 28 through April 1, 
will reflect the increasing size and 
of western metal industries. 

The Congress and the Exposition are both 
sponsored by the American Society for Metals 
with the help of 23 cooperating technical socie 


industries of the 


diversity 


ties. Five of these will have formal programs 
of technical papers or panel discussions, as listed 
on the following pages. 

The Western Metal Exposition, with more 
than 350 exhibiting firms, will completely fill 
the Pan-Pacific Auditorium and two large pavi- 
lions, totaling 150,000 sq.ft. of floor space. Regis 
tration to attend the Exposition will be free to 
all who carry membership cards in any of the 
24 co-sponsoring societies. In addition, invita- 
tions are being distributed by exhibitors to 


customers and prospects. The Exposition will 


AMERICAN Society ror Testinc MATERIALS 
AMERICAN WELDING SOCIETY 


CALIFORNIA SOCIETY OF ENGINEERS 


PROFESSIONAI 
Los Angeles Chapter 
INDUSTRIAL HeatTinG EQuipMEN1 


INSTITUTE OF THE 


ASSOCIATION 

AERONAUTICAL Scrences, Los 
Angeles Section 

Paciric Coast EXAMELEeRS CiUn 

Paciric Coast Gas ASSOCIATION 

PURCHASING AGENTS ASSOCIATION OF Los ANGELES 

Society ror Nonpestauctive Testine 

Society OF AUTOMOTIVE ENGINEERS 

Society or WomMeEN ENGINEERS 

SOUTHERN CALIFORNIA INDUSTIUAL SArETY SoOCtETY 

STRUCTURAL ENGINEERS ASSOCIATION OF 


SOUTHERN CALIFORNIA 


be open from 12 until 10:30 p.m, daily Monday 
through Wednesday, and from 10 until 6 pan 
Thursday and Friday 

All sessions of the five societies presenting 
technical programs will be held at the Ambassa 
dor Hotel in Los Attendance at the 
sessions of A.S.M., American Welding Society 
Industrial Heating Equipment Association, and 
the Los 


Foundrymen’s Society, is free to anyone attend 


Angeles 


Angeles Chapter of the American 


ing the Congress. Attendance at the meetings 
of the Society for Nondestructive Testing is free 
to S$.N.T with a charge of $2.00 to 
nonmembers for the educational sessions and 


$5.00 for the 


charges may be applied toward membership in 


members 


entire week's sessions: these 


the Society if desired. All of the meetings spon 
American Society for Metals will 
be of the panel type with subjects assigned to 


sored by the 


various experts as shown in the program on 


pages 73 and 74 
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10:00 a.m 


10:00 a.m. 
Morning 
2:00 p.m 


2:00 p.m 
Afternoon 


7 00 p.m. 


9:30 a.m 
10:00 a.m. 


Morning 
2 00 p.m. 
2 00 p.m 


Afternoon 





e CONSOLIDATED 








PROGRAM  e 


Ith Western Metal Congress 


Los Angeles, March 28 through April 1, 1955 


AMERICAN Society ror Metats @ 


AMERICAN WELDING SOCIETY 


(A.W.S.) 


SocieTy ror NonpEsTRUCTIVE TesTiINnG (S.N.T.) 


Los ANGELES CHAPTER, AMERICAN FOUNDRYMEN’S SOCIETY 


(A.F.S.) 


INDUSTRIAL HEATING EourpMENT AssociaTION (1.H.E.A.) 


All Meetings at Ambassador Hotel, Los Angeles 


Monday, March 28 


@ Die Materials and New 
Methods 


A.W.S. Welding Research 
S.N.T. Educational Session 


Forming 


@ Today's Titanium Problems and Op 
portunities 


A.W.S. Welding of Hardenable Steels 
S.N.T. 
ALPS 


Educational Session 


Technical Session 


Tuesday, March 29 


A.W.S. Aircraft and Rocketry 


@ New Metals in the Petroleum 
Industry 
S.N.T. General Session 


@ High-Strength Steels 
A.W.S. Aircraft and Rocketry 
S.N.T. General Session 


9:30 a.m 


9:30 a.m 
Morning 
2:00 p.m 


2 00 p m 


Afternoon 


9:30 a.m 


9:30 a.m 

Morning 
2 00 p m 
2:00 p.m 
Afternoon 
8:00 p.m 


Friday, April 1 


10:00 a.m 


Morning S.N.T. Magnetics and Penetrants 


A.W.S. Brazing and Hard Facing 


W ednesday, March 30 


@ and LH.E.A. Furnaces for Heat 
Treating Aluminum and Magnesium 
A.W.S. Heavy Plate Welding 


S.N.T. Ultrasonics 

@ Powder Metallurgy 
AW.S. Welding of 
and Piping 


S.N.T 


Vesse ls 


Pressure 


Ultrasonics 


Thursday, March 31 
@ and LH.E.A. Heat 


naces and Equipment 


A.W.S 


Ireating Fur 


Inert-Gas Welding 
S.N.T. Radiography 
@ Metals for the 
A.W.S 


S.N.1T 


Electronics Industry 
Inert-Gas Welding 
Radiography 

Cocoanut Grove 


Dinner Dance 
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Monday, March 28 


10:00 a.m. — Die Materials and New 
Forming Methods 


Panel Chairman: Fred M. Arnold 
Chief Process Engineer 
Norris-Thermador Corp. 
Cast Iron Die Materials 
Fred M. Arnold, Norris-Thermador Corp 
Die Materials Applicable to 
Advanced Airframe Manufacture 
Frank J. Pesak, North American Aviation, Inc. 
Causes of Toolsteel Failures 
George A. Roberts, Vanadium-Alloys Steel Co 
Forming of Stainless Steels 
Charles R. Mayne, International Nickel Co. 
Selection of Proper Die Materials 
Wayne Ewing, Arrowsmith Die & Tool Co 


2:00 p.m. — Today’s Titanium Problems 
and Opportunities 


Panel Chairman: Walter L. Finlay 
Vice-President and Manager of Research, 
Rem-Cru Titanium, Ine. 
Metallurgical Principles Behind Today's Titanium 
Problems and Opportunities (Including Heat Treatment 
Enhancement and New Alloy Possibilities) 
R.1. Jaffee, Battelle Memorial! Institut 
The Latest on Hydrogen and 
Temperature-Stress Stability 
H. Kessler, Titanium Metals Corp 
Aircraft Forgings, Particularly for Airframes 
James Russ, Steel Improvement and Forge Co 
Aircraft Fasteners 
Thomas E. Spoehr, H. M. Harper Lo 
Shop Experience With Airframe Parts 
W.T. Kluge, North American Aviation, Inc 


Tuesday, March 29 


10:00 a.m. — New Metals in the 
Petroleum Industry 


Panel Chairman: Claude L. Clark 
Metallurgical Engineer, 
Special Steel Developments, 
Timken Roller Bearing Co. 
High-Strength Steels for Oil and Gas Well Applications 
Claude L. Clark, Timken Roller Bearing Co 
Hard Facings and Abrasive Resistant 
Alloys Used in Oil Drilling 
J. R. Spence, Alloy Rod Div., Victor Equipment Co 
New Developments in Materials for 
Oil Well Pumping Equipment 
Edward Green, Axelson Mfg. Co., Div. of U. S. Industries, Inc 
Metals in High-Temperature 
Applications in the Oil Industry 
Alexander P. Maradudin, Standard Oi! Co. of California 
Corrosion and Embrittlement of Metals 
for High-Pressure Processing 
George Nelson, Shell Oi) Co 





Technical Program 





v 


2:00 p.m. — High-Strength Steels 


Panel Chairman: A. R. Troiano 


Head, Dept. of Metallurgical Engineering, 
Case Institute of Technology 


Introductory Discussion of the 
Problem of High-Strength Steels 
P. P. Moaley, Lockheed Aircraft Co. 
Static Fatigue and Hydrogen in the 
Delayed Failure of High-Strength Steels 
A. R. Troiane, Case Institute of Technology 
Delayed Failures 
James O. Huffman, North American Aviation 
and C. #. Bentley, Douglas Aircraft Co 
Aircraft Requirements at High Strength Levels 
Leo Schapiro, Douglas Aircraft Co 
Anisotropy in Heat Treated Forgings 
William V. Ward, Lockheed Aircraft Co., In 
Initial Yield Phenomena in High-Strength Steels 
Vorris Cohen, Massachusetts Institute of Technology 


Wednesday, March 30 
2:00 p.m. — Powder Metallurgy 


Panel Chairman: George A. Roberts 
Vice-President, Technology, 
Vanadium-Alloys Steel Co 
Panel Coordinator: John Q. Adams 
Metallurgical Consultant 
Powder Metallurgy for Magnetic Purposes 
John Q. Adams, Metallurgical Consultant 
High-Strength, oe Parts 
and Expansion-Controlled Materials 
Pol Duwez, California Institute of Technology 
Carbide Cutting Tools 
Malcolm F. Judkins, Firth Sterling, Ine. 
Powdered Metal Structural Parts 
George A. Roberts, Vanadium. Alloys Steel Co 
Powdered Metals for High-Temperature 
Brazing and Oxidation Resistant Coatings 
Ceorge Cremer, Solar Aircraft Co 


Thursday, March 3] 


2:00 p.m. — Metals for the 
Electronics Industry 


Panel Chairman: D. M. Van Winkle 
Head, Materials Processing Section, 
Semi-Conductor Kesearch Laboratory, 
Hughes Aircraft Co 
The Metallurgy of Germanium and Silicon 
Used for Transistors and Diodes 
D. M. Van Winkle, Hughes Aircraft Co 
Magnetic Materials for Electron Equipment 
C. A. Maynard, Indiana Steel Products Co 
Metals and Materials for Resistors and Capacitors 
Arthur E. Middleton, P. R. Mallory Co., In 
Application of Special Brazing Alloys and 
Procedures for Joining Electron Components 
A. M. Setapen, Handy & Harman Co 
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Joint Program of A.S.M. and 


Industrial Heating Equipment Association 


Wednesday, March 30 


9:30 a.m. — Furnaces for Heat Treating 
Aluminum and Magnesium 
Panel Chairman: William J. Parsons 
Vice-President, Pacific Scientific Co 
Furnaces for Heat Treating Aluminum and Magnesium 
DW. Pettigrew, Swindell. Dressler Corp 
Furnaces for Annealing and Billet Heating 
Aluminum and Magnesium 
C. B. Kentnor, Jr... W. 5. Rockwell Ce 
Salt Bath Furnaces for Heat Treating Aluminum 
B.P. Planner, A. ¥. Wolden Co 
Induction Heating of Billets 
Bok. Me Arthur, Magnethermi Corp 
Bright Heat Treatment of Stainless Steel and 
Problems Involved in Heat Treating Titanium 
Horace Drever, Drever Co 


@ Program Committee 


Harold H. Block, AiResearch Manufacturing Co.; 
Co-Chairman 

Roy E. Paine, Vernon Works, Aluminum Co. of 
America; Co-Chairman 

Claude A. Landusky, Hughes Aircraft Co 

George R. Prescott, C. F. Braun & Co 

L. B. Stark, North American Aviation Co 

John E. Wilson, Climax Molybdenum Co 


Thursday. 


March 31 


9:30 a.m. — Heat Treating Furnaces and 


Panel ( hair man 


Equipment 


William J. Parsons 
Vice President 


Atmosphere Furnaces 


Carl L. lpsen, Industrial Heating Equipment 4 sso 


Salt Baths 


Leon B. Rosseau 


Pacific S« 


wntihe ¢ 


Gas Combustion Theory and Equipment 
{rthur B. Wilcox, Eclipse Fuel & Engineerin 


Induction Heating and Its Applications 


for Surface Hardening and Brazing 
H B Osborn, Tocco Div 


Induction Heating and Its Application 
for Heating for Forging 
Carl P. Bernhardt, Westinghouse Ele 


A. E. Zezula, 
F. H. Conaty, McCulloch Motors, 


Consulting 


Metallurgical 
Ine 


H. E. Pellett, Pasadena Steel Treating Co 
W. C. Rotsell, Harvey Machine Co. 


Ulf Sone 


-20n, 


Jamison Steel Corp 


T. A. Woolsey, Marman Products Co., | 


CMC 


ampbell, 


AiResearch 


American Welding Society 


Monday, March 28 
10:00 a.m. — Welding Research 


Chairman: Al Penlason 
Consolidated Western Steel ( orp 
Co-Chairman: James Kert 
(. F. Braun & Co 
Isothermal Studies of Weld-Metal 
Vierocracking in Mild Steel 
Alan E. Flanigan and Z. . Saperstein, University of California 
Triaxial Tensile Stresses in Are Welded Mild Steel 
Harry C. Kennedy and Earl Parker, University of California 
valuation of Metallic Are Welds 
in Boron-Containing Steels 
Ernest RK. Telford, Boeing Airplane Co 


2:00 p.m, — Welding of Hardenable Steels 
Chairman; Robert Hay 
Linde Air Products Co 
Co-Chairman: Arthur Wynn 
Harnischleger Corp 
\ Look at the Automatic Welding 
of High-Strength Steels 
W. A. Saylor and R. Roberts, Consolidated. Western Steel Corp 
Characteristics and Properties of Some Low 
Hydrogen Electrodes for Aircraft Application 
D.C. Smith, Harnischfleger Corp 
Metallurgical Aspects of Welding 
Precipitation Hardening Stainless Steels 


C.W. Funk, Aerojet-General Corp. 
and M. J. Granger, Wall-Colmonoy Corp 
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Tuesday, 


March 29 


ctr 


Manufacturing Co 


9:30 am. — Aircraft and Rocketry 
Chairman: Harlan Meredith 


North American 


Co-Chairman 


Aviation 


Byron Russell 


. Ohio Crankshalt 


Engineer 


Airline Welding Co 
Fusion Weldability of 245-T Aluminum Alloy 
John Arthur, North American Aviat 
Silver Alloy Brazing of Electrical Connections 
Cleon L. Chapen, Gilfillan Bro 
Spot Welding of Structural Applications 
in Airframe Manufacturing 
Repre sentative of Boeing Airplane 
2:00 p.m. — Aireraft and Rocketry 
Chairman: Richard Hayes 
Douglas Aircraft Co 
Co-Chairman: Francis H. Stevenson 
\crojet-General Corp 
Titanium Alloy Fusion Weldability 
and Correlated Weld Metallurgy 
Charles W. Handowa and Harlan L. Vered 


New Full-Automati« 
for Aircraft and Missile Joinery 
Byron Russell 


Metallurgical Aspects of Silver 


Brazing 











Titanium to 


Weld 


| ooling 


litanium 


\ 


/ Tiner 





North 


North 





American Aviation 


Airline We 


American 


rh 


fing (4 


Aviat 





lator 


Ajax Klectri 





We ednesday, March 30 


9:30 a.m. — Heavy Plate Welding 
Chairman: John Moeller 
Pacific Metals Co 
John B. McCormick 
Lincoln Electric Co 
Heavy Fabrication of Air Hardening Alloy Steels 
VW. M. Griffith, Food Machinery & Chemical Corp 
Ordnance Division 
Low-Hydrogen Electrodes With lron Powder Additions 
Richard K. Lee, Alloy Rods Co 
Welding of Heavy-Walled Alloy Pressure Vessels 


Otis Carpenter, Babcock & Wilcox Co 


Co-Chairman 


2:00 p.m. — Welding of Pressure Vessels 
and Piping 

Francis McGinley 

Victor t quipment Co 


Barney David 
Arcos { orp 


Chairman 
Co-Chairman 


Hand Welding of 5%o and 9°, Chromium Steel Pips 
Wm. J. Lester and C. Robert Prescott, C. ¥. Braun & C 
Fusion Welding of Pressure Parts of Centrifugal Pumps 
Frank Drahos, Byron Jackson Cs 
Consumable Backing Ring for Pipe Welding 
R. David Thomas, Jr., Arcos Corp 


Thursday, March 31 


9:30 a.m. — Inert-Gas Welding 
H. W. Hiemke 
California Alloy Products Co 
David Elmer 
(. F. Braun & Co 
New Inert-Are Welding Process for Mild Steel 
Harry Bichsel, Westinghouse Electric Corp 
Inert-Gas Welding of Stator Packs 
F. J. Pilia, Linde Air Products Co 
Tooling for Mechanized Fusion Welding 
of Thin-Gage Materials 


Chairman 


Co-Chairman: 


Representative of Boeing Airplane Co 


Society for Nondestructive Testing 


Vonda y. Vare h 28 


Morning — Educational Session 


Robert G. Strother 
Manager, Western District 
Magnaflux Corp 

Dan O Halloran 
Northrup Aireraft, In 


Chairman 


Co-Chairman 
Onentation Harry O. Williams, Douglas Aireralt Co 


l Itrasonics Rod Kleint, North American Aviation 


\-Ray and Floroscopy Inspection 
Robert Reynolds, Lackheed Aircraft ¢ orp 


Afternoon — Educational Session 
Magnetic Particle Inspection 
Stan Sorenson, Northrop Aireraft, Ine 
Penetrants J. Rutledge, McDonnell Aireraft 
Evaluation of Indications 
4. S. Billings, Ryan Aeronautical Co 
Technical Report 


C.F. Van Hagan, U.S. Naval Ordnance Test Station 





2:00 p.m. — Inert-Gas Welding 


Charles B. Robinson 
Air Reduction Pacific Co. 


Chairman 


Co-Chairman: Charles Johnson 
\ ictor Equipment tx 
New Developments in Inert-Gas Welding 
John H. Berryman, Air Reduction Sal 
Inert-Gas Welding of Titanium 
1. V. Levy and Robert Wickham, Marquardt Aircraft Co 
New Techniques in Inert-Gas Shielded Metal-Are Welding 


R.W. Tuthill, General Electric (+ 
Friday, April 1 


10:00 a.m. — Brazing and Hard Facing 





Chairman: 


George Griffin 


Victor | quipment Co 


Co-Chairman {lex Maradudin 
Standard Oj Co. of California 


Silver Brazing of Refractory Metals 
€. H. Chatheld and John Ross, Vandy & Harman Cx 


High-Temperature Alloy Brazing 
Ceorge C. Driscoll, Western Alloy Engineering (+ 


Hard Facing of Oil Well Drill Pipe 


Otis Cullum, Bakersteld, California 


A.W.S. Program Committee 


Hugo W. Hiemke, California Alloy Products Co 
Chairman 

Robert Hay, Linde Air Products Co 

Richard Hayes, Douglas Aircraft Co 

Harlan Meredith, North American Aviation Co 

Francis McGinley, Victor Equipment Co 


A.W.S. Program Supervisors 


Arnold Jensen, Pacific 
RERRIONS 

Leo West, Douglas Aircraft Co.; Tuesaday sessions 

Warren Vetter, Southwest Welding & Mfg. Co.; 
Wednesday sessions 

Bob Conkling, Linde Air Products Co.; 
seaRriones 

Frank Tucker, Victor Equipment Co.; Friday session 


Metals Company; Monday 


Thuraday 


Tuesday, March 29 
Morning — General Session 


Iddress: W. C. Hitt, 


Douglas Aircraft Co., Ine 
National President, Society for Nondestructive Testin 


Chairman: Clifford W. Mell 
Lockheed Missile System Division 


Daniel Rosenthal 


Professor of Engineering 
lL niversity of California 


u ele ONLENE 


Co-Chairman 


How Deep Is That Crack? H. N. Staats, Magnaflux Cor; 


The Use of Nondestructive Test Methods in the Largest 
Electrical Manufacturing Plant in the West 

Wallace J. Erichsen Westinghouse bleetric ¢ ory 
High-Speed Motion Pictures 

Lester Mclntosh, Fastman Kodak Cx 
Use of Nondestructive Testing 
on Southern Pacifie Railroad 
Mrthur S. Pedrick, South Pacihe ¢ 
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Tuesday Afternoon — General Session 


Chairman: Roy E. Paine 
Works Chief Metallurgist, 
Aluminum Co. of America 
Co-Chairman: Leslie E. Ball 
Wyle Laboratories 
Bearing Tester E. M. Baker, Baker Co., Inc. 
High-Temperature Brittle Coatings 
for Experimental Stress Analysis 
H. J. Jackson, California State Polytechnic College 
A New Inspection Tool—Measures Embrittlement 
and Erosion in Aircraft Exhaust Systems 
Justin J, Shapiro, American Instrument Co. 
Leak Detector 
Ww. H. Pappin, Knolls Atomic Power Laboratory, 
General Electric Co. 


Wednesday, March 30 


Morning — Ultrasonics Session 


Chairman: Rebecca H. Sparling 
Design Specialist, Metallurgy and Processing, 
Convair 


Co-Chairman; Al Barath 
Nondestructive Testing Laboratory, 
Douglas Aircraft Co. 
Ultrasonic Applications in the Aluminum Industry 
William L. Fink, Aluminum Co, of America 
The Correlation of Ultrasonic Indications, Defects 
and Metallurgical Properties in 244-In. 75 5 Plate 
A. P. Binsacca, Northrop Aircraft, Inc. 
Ultrasonic Flaw Plotting Equipment 
R. W. Buchanan and C. H. Hastings, Watertown Arsenal! 
Grain Size Determinations by Ultrasonics 
Nicholas Grossman, Atomic Energy Div., 
Sylvania Electric Products, Inc. 


Afternoon — Ultrasonics Session 
Chairman: G. M. Taylor 
Los Alamos, N.M. 
Co-Chairman; Langford L. Brown 
Chief Inspector, Rohr Aircraft Corp. 
Ultrasonic Attenuation in Metals 
Rohn Truell, Brown University 
Direction of Flaws in Jet Engine 
Parts Determined by Ultrasonics 
Merv Bratt and Vernon Wiegand, Genera! Electric Co 
Industrial Application of Contact Scanning 
Ed Pringle, Sperry Products, Inc 
Ultrasonic Inspection of Jet Engine 
Compressor and Turbine Wheels 
Don Erdman, Electro-Circuits, Inc. 


American Foundrymen’s Society 


Los Angeles Chapter 


Monday, March 28, 7:00 p.m. 


An Engineering Appraisal of the 
Investment Casting Process 
Demeter Gaza and James B. Price, Jr., 
Arwood Precision Casting Corp. 
Ductile Iron and Its Applications 
Morris Asimow, Enterprise Ductile Iron Foundry, Inc. 
What Shell Molding Offers to the 
Producer and the User of Castings 
Walter H. Dunn, Solar Aircraft Co. 
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Thursday, March 31 
Morning — Radiographic Session 
Chairman: James W. Dutli 
Los Alamos, N.M. 
Co-Chairman: Merrill Peterson 
Rheem Manufacturing Co. 
Training of Radiographers 
W. Havercroft, Department of Mines and 
Technical Surveys, Ottawa 
Measuring Coating Thickness by Auto-Radiography 
Warren McGonnagle, Argonne National Laboratory 
Modern Fluoroscopic Practices 
W.R. Hampe, Westinghouse Electric Corp 
Intensification of Radiographs 
Emery Meschter, Photo Products Div., DuPont & Co 


Afternoon — Radiographic Session 
Chairman: W. J. Erichsen 
Westinghouse Electric Corp. 
Co-Chairman: J. Schneeman 
X-Ray Products Corp. 
Available Isotopes for Industrial Radiography 
Gordon L. Locher, Western Radiation Laboratory 
Techniques for Super-Voltage X-Ray 
E. Alfred Burrill, High Voltage Engineering Corp 
An Introduction to Xeroradiography 
Robert Vyverberg, Halloid Corp 
Field Evaluation of Xeroradiography 
G. M. Taylor, Los Alamos Scientific Laboratory 


Friday, April 1 
Morning — Magnetic and Penetrants Session 
Chairman: C. E. Klein 
Process Engineer, Convair 
Co-Chairman: Clyde O. Penney 
Metallurgist, Denver & Rio Grande Railroad Co 
Magnetic Particle Inspection 
1. Dagan, Rohr Aircraft Corp. 
Dye Penetrants and Post Emulsifier 
Fred Rohde, Westinghouse Electric ¢ orp 
Process Control by Magnetic Particle 
and Penetrant Inspection 
E. S. Barnhart, Solar Aircraft Corp 
Interpretation and Evaluatidn of Magnetic 
Particle and Penetrant Indications 
B. R. Swarts, Convair 


S.N.T. Program Committee 


Maurice J. Curtis, Materials Evaluation Branch, 
U.S. Naval Ordnance Test Station; Chairman 
R. E. Reynolds, Lockheed Aircraft; Co-Chairman 


A.F.S, Program Committee 
S. L. Jackson, Electro Metallurgical Co.; Chairman 


1.H.E.A. Program Committee 
A. E. Tarr, Leeds and Northrup Co., Chairman 


Cooperating Societies Chairman, 
Los Angeles Chapter @ 


Edgar C. Buckingham, 


Field Service Engineer, 
Pacific Scientific Co. 
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Mass Production of 
Sheet Magnesium 


By G, ANSEL* 


Magnesium sheet and plate in unprecedented widths and lengths 

is being provided for industrial fabricators by Dow Chemical Co.'s 

new plant in Madison, Ill. In addition to being the largest mill 

ever built for magnesium, the plant has a modern continuous casting unit 


and is also able to furnish extrusions and alloy ingots. 


~ 

I OR THE first time in the history of the 
magnesium industry, sheet and plate, either flat 
or in coils, weighing up to 2000 Ib., is being 
produced commercially; plate can be finished 
up to 72 in. wide and 24 ft. long. This is being 
done at the new Madison, IIL, plant of the Dow 
Chemical Co primary 


where magnesium is 


alloyed, cast, and then fabricated into mill 
products. The new mill, all under one roof, also 
makes a full range of magnesium extrusions and 
alloy ingots. It is thus almost a fully integrated 
unit. (Primary magnesium is transported by 
barge and rail from company plants in Texas 


Plant History 


Dow Chemical Co expanded 





the alloy plant, extrusion plant and rolling mill 
for magnesium at Midland, Mich., between 1940 
and 1942. During World War II the entire pro 
duction of these plants was reserved for military 
use. At war's end much of the sheet was diverted 
into such uses as materials handling, tread plate 
pattern plate and photo-engraving plate 

The feasibility of 
modern mill was demonstrated successfully for 
the first time in 1946 at the plant of the American 
Rolling Mill Co., at Butler, Pa the original 
tandem mill in the United States Dow pro 


rolling magnesium on i 


* Technical Director 


cal Co.. Madison. 11] 


Madison Di Dow Chemi 
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pros ided 800-lb 


which were broken down 


ingot 5 


on the reversing hot mill 
passed directly to the 4 
stand tandem, reduced to 
0.064 in., and coiled at 1200 
ft. per min, the entire 
operation being completed 
in 4 min. The advantages 
of edge rolling were dem 
onstrated at the same time 
and the results indicated 
that any significant ex 


pansion of sheet 


rolling 
should be built 
around this coil 


capacity 
rolling 
process. 

By January 1949 it be 
came evident that more 
magnesium rolling capacity 
would be needed in the 
United States for the en 
larged defense program 
An increase in sheet rolling 


capacity from the conven 


tional 100-Ib. ingots to l-ton rolling ingots pre 
sented a number of challenging problems. Basi 
cally larger facilities would be needed as well 
as coil rolling equipment and a plant closer to 
raw materials and markets 

Preliminary surveys of markets and available 
plant sites were undertaken, and by March 1950 
it proposal Was adopted by management for an 
integrated rolling mill and extrusion plant at 


Madison il] 
in Mic higan 


to replace the Midland facilities 
Rehabilitation of existing exten 
sive buildings and new construction were 
started in March 1951 on the site of an obsolete 
tank armor factory. The new plant was dedi 
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Fig. 1 ~ Dummy Block of Appropri 
ate Magnesium Alloy Being Lowered 
Into Position to Start Continuous 
Casting of New Ingot. Control pan 
el for casting machine at left. Cast 


ing pot is at right (not shown 


cated on May 26, 1954 (see “Critical 
Points’, Metal Progress, August 1954 
p. 104 

Melting and Casting — The primary 
function of the alloy plant is to pro 
vide rolling and extrusion ingots to 
feed the mills and presses. Production 
of magnesium alloy ingots for sale is 
i secondary but by no means small 
operation 

Melting and casting are done in 
three types of equipment. First is a 
conventional magnesium melting and 
alloying unit, terminating in a ma 
chine for casting foundry ingots. Se« 
ond is an experimental intermittent 
casting unit for experimental alloys 
and for odd shapes and sizes of 


extrusion ingots. The third, which 
will be described in some detail, i 
a group of continuous casting units 
for round extrusion ingots and rec 
tangular rolling ingots. 

For continuous, direct, chill casting 
ten melting and alloying pots are 
arrauged in two groups of four with 
two casting pots in line with the mold 
he pots are of cast steel holding 5000 
lb. of magnesium and set in gas-fired 
furnaces lined with firebrick. Melting 
temperatures and pot temperatures 
are regulated automatically by means 
of thermocouples 

Primary magnesium and plant run 

around scrap are melted down in the first line 
of pots. After analysis the necessary alloying 
ingredients are added and the metal is pumped 
to the holding pots where it is held at temper 
ature for the specified time to obtain thorough 
diffusion. From the holding pots the metal i 
pumped into the casting pots Because molten 
magnesium does not alloy with iron or steel 
it can be transferred almost as readily as wate: 
through steel pipes using air-driven pumps 
The entire casting unit comprises a comple ‘ 
device developed after extensive studies by the 


Dow Chemical Co.'s technical and engineering 


staff. Molten metal from the last pouring pot i 





- ’ f 5 x 
: ’ | iy ; | 


Fig. 2—Rectangular Rolling Ingot Is Cut to 
Desired Length by Automatic Saw Travel 
ing at Same Speed as the Continuous Cast 


hig 3~Slab Ingot Being Hoisted Out 
of Casting Pit, Enroute to Milling Machin 
Where Entire Surtace Will Be Scalped 


pumped into a bottomless 


sleeve mold made of copper 

A dummy block of the same 
allov and size of ingot he ing 
cast had previously been in 
serted into the mold and 
gripped by rollers below, so 
the new metal is cast on top 
see Fig 2 } 

Water jets cool the mold so 
that a strong external shell of 
metal has solidified by the 
time the new casting has 
traveled from the liquid line 
to the bottom of the mold. As 
the metal solidifies through 
out its cross section the cast 
descends. At a predete rmined 
point, some 40 ft. below the 
pouring oor, an automatic 
saw ictuated by i photo 


electric cell. cuts off the ingot 


Fig. 4—The 84-In. Reversing 
Coil Mill Is the Largest 
High-Speed High-Production 
Rolling Mill Ever Built for 
Vagnesium \¢ right is 
one of the lengthy furnaces 
or ovens for heating the 


metal to rolling te mperatures 


f 
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at the proper length. The “flying saw” mechanism 


moves down at the same rate as the cast, and 


when the cut is completed the saw returns up 
to its original position 

The ingots, now measuring up to 11x41 x76 
in. are returned by elevator to the main floor 
where surface roughness and impurities are re 
moved in a large face miller 

Rolling — As is well known, magnesium, be 
cause of its hexagonal crystallographic structure 
is best deformed hot, so the ingots are conveyed 
at a constant rate through gas-fired furnaces o1 
ovens to bring them up to a rolling temperature 
of 800° F. The ovens are automatically controlled 
and temperatures checked constantly to insure 
uniformity necessary for top quality 

The heart of the new rolling process is the 
84-in. reversing hot mill, designed and built by 
United Engineering & Foundry Co. especially 
for magnesium. Rolling is controlled from a 
single pulpit either by manual controls or an 
electric program board which automatically sets 
reductions for each pass at speeds up to 1100 
ft. per min. The rolled plate is either fed into a 
flying shear for flat plate or coiled for further 
reduction on an 84-in. finishing mill 

The coils or flat plates are annealed at 650° F 
Finishing operations are carried out over a range 
of temperatures varying from room to 600° F., 
depending upon desired reduction, final tensile 
properties, hardness and finish. Production sheet 
is rolled down to 0.072-in 
finishing mill 


gage on the 84-in 
Smaller strip and coil mills are 
used to make thinner magnesium sheet for air 
craft and some other uses. 
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Fig. 5—5500-Ton Extrusion 
Press for Magnesium. Round 
billets and three-stage induc 
tion heating units at left 


Extrusion — The extrusion process as installed 
at Madison has not been changed significantly 
over that originally used at the Midland plant 
One improvement 1s the installation of induction 
heating much modern materials handling equip 
ment and facilities maintain better tolerances and 
dimensional characteristics 

In 1952, however, a contract was signed with 
the Defense Dept., U.S.A., for the installation 
at Madison of a 13,200-ton extrusion press made 
by Hydraulik in Germany. Since then certain 
modifications have been incorporated to make 
this the largest. most modern press for light 
metals in the United States. The press is sched 
uled for completion in 1955 and will be capable 
of producing larger and longer magnesium 
shapes than have hitherto been available 

Applications — The largest field of application 
for the wider and longer sheet plate produced 
at Madison will continue to be the various phases 
aircraft will be 
High 


including truck bodies and 


of the transportation industry 
the largest consumer of thin-gage sheet 
way transportation 
van trailers represents an increasingly important 
market for magnesium sheet in the thicker gages 

Development of the new rapid etching proces 
for magnesium photo-engraving, along with ex 
tended use in the older engraving and printing 
processes, will consume much of the sheet 

The greatest portion of the magnesium plate 
produced goes into materials handling in the 
form of tread plate. Magnesium tooling plate for 
jigs and fixtures is now being offered to industry 
and is expected to grow into a large segment 


of the plate production +) 








Fiber Metallurgy 


By A. G. METCALFE, C. H. SUMP and W. C, TROY* 


When metal fibers or filaments are used as raw materials 

for compacting and sintering a finished part, bodies with novel properties 
may be prepared. A large range of porosities is possible, 

combined with high strength and toughness. 


- 
Re In 19458, a somewhat unusual 


departure from ordinary metallurgy aided in 
making a filter of high porosity. Techniques were 
similar to those of powder metallurgy but, in 
stead of powder, short metal fibers were com 
pacted. The versatility of the method appears to 
be more important than the fact that it yielded 
an effective filter 
entirely new use of metals. 


indeed, it could lead to an 


Many of the operations are the same as for 
powder metallurgy. There is one fundamental 
difference — metal fibers have continuity in one 


direction. Thus, they may be viewed as a transi 


tion between the particles used in powder metal- 


lurgy and the sheets used in laminated structures 
Fiber metal bodies should be made at the high 
production rates of powder metal parts, but they 
also should lend themselves to felting processes 
similar to the Fourdrinier process used in paper 
making. Economically, it has been found that 
metal fiber costs can be competitive with metal 
powders, There are expectations that the fiber 
metal body would have stronger metallic bonds 
for preliminary examinations showed their tensile 
and impact properties to be superior to the all 
powder sintered compact. 

Effective bond 


ing is a prime essential in powder metal bodies 


Powder Versus Fiber Bodies 


and has been responsible for much work in this 
field for many years. For example, areas of con 
tact betwen the partic les are limited: irregular 
particle surfaces may be responsible for voids in 
the finished body. The fabricator improves the 
bond strengths by such expedients as high com 
pacting pressures, high sintering temperatures 
coining operations and liquid-phase sintering 
The use of a metal fiber will avoid some unus 
ually drastic treatments because bonding along 
the length of the fiber already is at a maximum 

The idealized structure of a fiber metal body 


(Fig. ] 
tim 


illustrates the superior interior keying 


After pressing, an additional contribution to the 
strength is obtained from mechanical interlock- 
ing ( Fig. 2), which can be augmented by kinking 
the original fiber. (This is particularly useful in 
highly porous materials compacted under light 
pressure.) Mechanical interlocking during pres 
sing vives a high “green strength”, and highly 
porous bodies may be manipulated with sur 
prising safety. 

The difference in bonding between fiber and 
powder bodies is illustrated for the idealized 
l and 3 


ideal body composed of spherical particles; its 


> 


cases in Fig Figure 3 represents an 
porosity is 47.6% before pressing. In the idealized 
case, there is no systematic mechanical bonding 
evident in the body after pressing 

This difference of structure results in a notable 
difference in body continuity: During oxidation 


of nearly dense molybdenum ceramics the 
powder bodies fail rapidly due to the combined 
effects of oxidation and rupture of the bonds, In 
metal-ceramic bodies formed from molybdenum 
fibers, high-temperature damage progressed 
along a flat interface rather than by a three 
dimensional disintegration 

Tests have been made to compare tensile and 
impact strength, and have shown that the fiber 
metal body has significant advantages. Particu 
larly at higher porosities, a fiber metal body has 


superior tensile strength 


Ponosrry or Bony 
Powper [non 
7,500 psi 32% 50F 
11,000 29 10 
15,000 23 30 


TensiLe STRENGTH Finen [non 


Compacting and sintering conditions were ad 


justed to achieve the above porosities, and it is 


*Dr. Metcalfe is research metallurgist, Mr 
is supervisor, and Mr 


Sump 
Troy is assistant manager 
Armour Research Foundation of 
Illinois Institute of Technology 


metals research 
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not known whether these conditions were opti 


mum for either powder or fiber materials 


Iron compacts were markedly superior in 


impact when fiber metal was used. Figure 4 
shows a comparison of the unnotched bars, 0.490 
by 0.200 in., broken in a 25 ft-lb. Baldwin Sonn 
tag impact testing machine 


Table | both 


obtained and extrapolated, and Fig. 4 shows the 


gives the numerical values 
types of fracture. The strengthening effect of the 
metal fiber addition to a powder body is well 
illustrated. It is also interesting to note that the 
fiber bodies have not failed completely; the two 
halves still are held together by unbroken fibers 
Since long fibers were used for these test pieces 
it is obvious that failure occurred largely through 
the fibers rather than through the bonds. This 
strengthening effect could be important in parts 
where brittle and catastrophic failure must be 
avoided 

Fiber Metallurgy Processes — The properties 
of fiber metal bodies can be adjusted by control 
ling the methods of manufacture. For example 
the selection of the proper wire diameter and 
length can be quite important in developing 
optimum properties, just as powder parameters 
affect the mechanical properties of the powder 
metal product 


After determining the proper size and diam 


Before Pressing Aft 
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Fig. 1 (Left Idealized 
Orthogonal Structure of 
Fiber Metal Body Before 
Pressing. Sintering at- 
taches each fiber to many 
other neighboring fibers 
Fig. 2 (Right Idealized 
Structure, Mechanically In- 
terlocked by Pressing or by 
Kinking. Three different 
levels of fibers are shown 
Each fiber is bonded to 
several hundred others aft 


er pressing and sintering 


eter, the fiber orientation should be considered 
Should there be preferred orientation or random 
distribution? In other words, are directional prop 
erties desired? Hydrostatic (three-dimensional 
pressing minimizes directional properties com 
paction between press platens will obviously 
accentuate directionality 

Another consideration is the character of the 
to have 


it rough, with tiny barb-like projections to assist 


fiber surface. Sometimes it is desirable 
mechanical interlock, and strengthen low-density 
Further interlocking results 
controlled kinking of the fibers 


expedic nt may 


bodies from a 
although this 
impai the flow of the fibers 
during compaction 

Addition agents promote superior bonds at 
One 


example is the use of copper to braze iron fibers 


points where the fibers come in. contact 


another is controlled reduction reactions during 
sintering. Additions to the fibers can be made by 


coating and sheathing techniques such as 


electrodeposition or cable coating 

\ review of possible manufacturing techniques 
shows that fibers can be used in processes that 
extend beyond those employed by powder 
however 


fiber 


These bodies can be cold pressed 


metallurgy. Mention should be made 
of several that do apply specific ally to 
material 


unidirectionally in standard presses if considera 


er Pressing 


Fig 3 Idealized Pa king of 
Spherical Powder Particles Be 

fore and After Pressing. Note 
the lack of mechanical inter- 
lock between party les after 


pressing; each particle is bonded 
to a maximum of six neighbors 


after pressing and sintering 








Fig. 4— Effect of Porosity on ss: 
the Impact Strength and Frac- 
ture of Porous Iron Bodies 25 


tion is given to the filling of the er 
die, flow characteristics, appar- 
ent density, and so on. Where 
required, hydrostatic compac- 
tion will help avoid direction- 
ality in fiber orientation. Some 
recent experimental rolling of 
powder directly into sheet may 
be extended to the use of metal 
fibers as well; in this way the 
rolls would compact the fibers 
and lead to a preferred orien- 
tation in the sheet. 

Optimum temperature and 
time of sintering may be quite 


IMPACT STRENGTH, FT.LBS 


different from those used for 
powder bodies. (Atmospheres 
may be unchanged.) Pressure 
sintering, a technique employed for friction 
materials, is sometimes useful. 

Filters — Fiber felting techniques appear to 
offer promise of a process inherently having a 
high production potential. The Fourdrinier 
paper-making process resembles the rolling to- 
gether of metal fibers to produce porous sheet. 
This resemblance suggested a technique used in 
early experimental production of filter material. 
Porosities as high as 90% were required, neces 
sitating a _ radical departure from previous 
manufacturing methods — namely, low-pressure 
compaction and then sintering of carefully 
graded spherical particles. Since particles are in 
point-contact and the contact area is increased 
somewhat by sintering, a theoretical limitation 
of about 47% porosity exists ( Fig. 3). 

The use of felted metal fibers overcame the 
problem of limited porosity. The fibers were 
processed to the optimum length and diameter 
and suspended in a suitable liquid vehicle. This 


suspension was then transferred to an aspirated 


Table I —- Comparative Impact Properties 
of Iron Bodies 





IMPac Porosity 
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x0 85* 
22 35 70* 
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filter yielding a mat with the metal fibers inti 
mately interwoven 

After drying, the felted material could be 
processed in various ways. It could be pressed to 
a higher density. In others, a brazing metal such 
as copper could be added to improve the strength 
and ductility after a suitable heat treatment 
Could no other metal or alloy addition be toler 
ated, sintering alone would bond the fibers at 
points of contact. (These points of contact are as 
small as in powder metal compacts, but strength 
is increased because of the hundredfold increase 
in the number of the bonds and the mechanical 
interlocking; the latter, of course, may be in 
creased by suitable preparation of the fibers 

Figures 5 and 6 on the next page illustrate the 
similarity in the structure of filter paper and of 
metal fiber filter bodies 

Potentialities of Fiber Metallurgy — One gen 
eral field of potential use for fiber materials is 
for high-strength, high-porosity bodies. Filter 
materials represent only one of the fields; use 
can be made of their high stiffness-to-mass ratio 
compared to other bodies 

Applications have been proposed in the aero 
nautical field. The higher ratio of strength-to 
porosity, compared with porous powder metal 
bodies, favors its use as part of the air-foil — for 
example, in the de-icing systems now using 
porous metals to distribute the de-icing com 
pound uniformly over the wing edge. Another 
such use might be in “boundary layer” control 


in which the movement of air through the wing 
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Fig. 5 — Filter Paper Showing Fibers. 75 x 
surface is used to preserve streamline flow giving 
increased lift and reduced drag.* Another such 
use may be for transpirational cooling of air-foils 
to reduce the temperatures during high-speed 
flight. This can be very high at the speed of 3000 
miles per hr., as reached by the German V-2; 
the temperature rise is 1500° F. 

Metal fibers can be prepared as skeletons to 
support materials of lesser strength. Such addi- 
tions would include plastics, active catalyst 
masses, active battery masses, and friction 
materials, 

Use of fiber metal bodies at high temperatures 
may follow four lines of development toward the 
following general applications: 

1. An increase in the impact strength of 
powder metal products, such as bonded refrac 
tory hard metals and meial-ceramic combina- 
tions, by the incorporation of fibers. 

2. An increase in the softening temperature of 
bonded refractory hard metals by the incorpora 
tion of refractory metal fibers. 

3. Use of porous fiber bodies to permit highes 
ambient temperatures by the application of 
transpiration cooling. 

4. Use of less strategic materials at the present 
temperatures by the application of transpira 
tional cooling. 

One serious drawback of some of the present 
metal-ceramic materials is poor impact strength 
No experimental work has been performed to 
confirm this point, but it is believed that the 
incorporation of fibers in the structure may help 
this situation. An increase in the impact strength 
of a powder metallurgical body by the incor- 
poration of fibers has been demonstrated by us 
see Table I. Certain limitations to this technique 
can be foreseen in liquid-phase sintering, but 

*See “1954—Big Year for Boundary Layer Con 
trol”, by H. D. Fowler, American Aviation, March 
15, 1954, p. 20 
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Fig. 6 Metal Fiber Body 75» 


these may be overcome by suitable fibers and 
powders. Incorporation of suitable metal fibers 
may raise the softening temperature, particularly 
when the bond consists of one of the less refrac 
tory metals such as nickel. 

Adequate transpiration cooling awaits porous 
metal bodies with adequate properties. For 
example, in the gas turbine the weight and com- 
plexity of the required additional equipment 
must be offset by improved performance, and 
porous fiber materials can achieve the desired 
combination of properties more nearly than other 
porous materials, We have seen a recent com- 
munication from D. G. Ainley of National Gas 
Turbine Establishment, England, to A. G. Met 
calfe, saying that internally cooled blades made 
from Vitallium powder have been operated at 
2000° F. for several hours. For the same life of 
the blades, the operating temperature could be 
increased 500° F. when 2% of the air was used for 
cooling. It is likely that transpiration cooling 
would be more efficient than internal cooling and 
would enable the engine to operate at greater 
efficiencies as well 

From another viewpoint, if transpiration cool- 
ing were used at present jet-engine temperatures 
they could be built of less strategic materials 
such as stainless steel fiber. This would become 
of great importance in a national emergency. 

Another property of fiber metal bodies has 
been considered for further study, namely, thei: 
ability to conform to an irregular surface without 
extensive plastic flow and permanent deforma 
tion. This is enhanced if the fiber retains a high 
yield strength so that small adjustments of the 
contour involve only an elastic movement 

Conclusion — Doubtless the techniques out- 
lined above can be considerably extended. As 
this method of forming engineering materials is 
so new, undiscovered improvements await fur 


ther investigation and commercialization. S 











Metallurgy and 


Stratospheric Flight 


By Major P. L. TEED* 


Materials for airframes of subsonic crafts are both abundant and various, 
and with some tinkering of their composition most are suitable for crafts 
flying at speeds up to 1400 miles per hour; beyond this speed, titanium, 

steel or totally new structural materials will have to be used. 


i EMSs are the inevitable consequence 
of change in conditions. Nearly four decades 
after that great landmark in human history, the 
Kitty Hawk flight, airplanes began regularly to 
enter the stratosphere. New and surprising prob 
lems inevitably and sometimes dramatically 
arose, for a new environment was being experi- 
enced, The purpose of this note is to examine 
some of the metallurgical perplexities which 
thereby came into being 

Since stratosphere is not “familiar in ou 
mouths as household words’, something must be 
said of the characteristics of this portion of our 
atmosphere; otherwise it would indeed be as 


useless to describe the metallurgical conse 
quences of stratospheric flight without disclosure 
of their causes as it would be to give a disserta 
tion on drunkenness without saving something 
about drink. 

Meteorologists have divided into zones the 
atmosphe re surrounding the world of our being 
To describe their achievement the weathermen 
invented three words, troposphere, tropopause 
and stratosphere But two of these, troposphere 
and stratosphere, would have been adequate. 

This splitting of space by words has been 
justified by the 


relationship of the atmosphere. In the world in 


observed height-temperature 


which we can climb on our feet, the temperature 
of the air decreases with height; meaning that 
as we sweat under summer's heat in the lowlands 
snow in all its crystal crispness may be lying on 
the cool distant mountains. The portion of the 
atmosphere in direct contact with the earth is 
called the troposphere by the meteorologists 
Here man has lived from time immemorial. To 
the zone above this, they have given the name 


stratosphere. This is characterized by an ex- 


tremely small change in temperature with height 
So far, so good; with verbal profligacy, the 
meteorologists have called the two-dimensional 
layer between these the tropopause “Boundary” 
would have sufficed. 

In a few sentences, having reached in thought 
what man has taken a million years to reach in 
fact, it is appropriate to examine the physical 
and chemical characteristics of the zone now 
entered. Were these not different from those with 
which all are normally familiar, there would be 
no problems of stratospheric flight. Figure | 
shows a graph by the International Committee 
for Air (ICAN) that 


average relationship of temperature with height 


Navigation gives the 
over western Europe. The tropopause (bound 
a height of 35,000 ft. (6.6 


Here the stratosphere starts and, as is 


ary) is shown at 
miles ) 
clearly illustrated by the curve, the temperature 
of such air as exists up to 50,000 ft. (and it is 
now believed up to about 90,000 ft. or 17 miles ) 
does not appreciably change. In this range it is 
normally —69.7° F 

The curve in Fig. 1 is an idealized one. It is 
the achievement of a committee which, for the 
sake of international concord, has presumably 
been forced to depart more than somewhat from 
reality. Figure 2 shows the actual relationships 
of temperature with height during 69 flights in 
summertime over the south of England. The 
tropopause, it will be seen, was once as low as 
25,000 ft. and once as high as 37,000. Further 
the temperature of the stratosphere ranged from 

54° F. to —90° F. 

Turning from England (which is so much 
smaller than Texas) to the world (which non 


*Deputy Chief of Research and Development 
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Texans regard as being appreciably larger ) there 
is evidence that, over the poles, the stratosphere 
is generally at a height of 24,000 ft. and some 
thing like 65,000 at the equator 
at the equator the high altitude temperature is 


Furthermore 


usually lower than in high latitudes. This seem 
ing paradox is nevertheless satisfactorily explic 
able on the basis of quite mundane physics. The 
India strato 


spheric temperatures of 130° F. (o 


fact, however, remains that in 
even 
slightly lower) have been recorded, 

Figure 3 discloses two other characteristics of 
the atmosphere. Both its pressure and its density 


Unlike with 


temperature there is no abrupt change in the 


decrease continuously with height 


they are 
as unperturbed by the boundary as a mean man 


slope of the curves at the tropopause 


is by the importunities of a blind beggar. Figure 
4 is very different. It indicates something dra 
matic. It shows how, above the tropopause, the 
humidity of the atmosphere changes — in sum 
mer at 30,000 ft. in the south of England, the 
relative humidity is about 42%, yet, with an 


increase in height of only 10,000 ft., it falls to 


a mere 2%. 

By means of graphical illustrations, the rela 
tionship of height with temperature, pressure 
density and relative humidity has been recounted 
for the purpose of disclosing the strange and 
even remarkable conditions prevailing in the 
stratosphere. This creates two pertinent ques 
tions: Can we fly in air, colder than the poles 
themselves, thinner than the most improbable 
story ever told from the witness-stand and drier 
far drier than the nonalcoholic State of Kansas? 
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Fig. 2 — Chart Showing Variation of Tempera 

ture With Height for 69 Ascents to 40,000 Ft 


The second is: Do we want to do so? The answer 
to the first is an emphtic “Yes”; to the second it 
is an affirmative by the majority. (The reader 
may feel that his views are adequately expressed 
by the famous but probably apocryphal phrase 
of Sam Goldwyn, “Please include me _ out.’ 
Civilized governments — those prepared to go to 
war to remain civilized —and airline operators 
who know that their stockholders will declare 
worse than war on them if there is no dividend, 
recognize the technical and economic necessity 
of stratospheric flight. 

The case for such flight is disclosed in Figure 5 
Now a large part of the resistance or drag of an 
airplane is proportional to the density of the 
ambient air. As has already been pointed out 
density falls with height. So too does the jet 
thrust, but fuel consumption per hour is roughly 
proportional to jet thrust. Therefore, at great 
heights, operational costs decrease and maximum 
range increases. To take a concrete example, a 
present-day high subsonic aircraft flying at about 
410,000 ft. requires only one-third the fuel it 
would at the same speed at ground level 

Taking the case for stratospheric flight as 
proven, we may now ask, “What additional prob 
lems are imposed on the metallurgist?” One 
would like to give a brief, clear-cut answer. This 
is, however, comparable in difficulty to replying 
“Yes” or “No” to the question “Have you left off 
beating your wife?” It all depends on the speed 
at which we fly in the stratosphere. The military 
completely unfettered by economic considera- 
tions and well versed in loudly demandin, 


=~ 


7 
incompatibles, call for aircraft capable of flying 


~ 





Fig. 3—The Relation- 
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at the highest speed for the greatest distance 
Airline operators, with better understanding of 
the mechanics of flight, base their requirements 
on economic considerations. 

At the present state and in the near future 
state of the art, aircraft will be capable of hover 
ing flight at subsonic speeds (the velocity of 
760 miles an 
hour and, in the stratosphere, 660) and at low 
altitude 
this 


limited to subsonic speeds but will sometimes 


sound at ground level is about 


they are therefore outside the ambit of 
survey. Medium-range transports will be 


be at stratospheric heights Fighters, recon 


naissance machines long-range transports and 
bombers will fly at supersonic speeds at strato 
spheric heights. Subsonic civil aircraft will long 
be employed ove! considerable areas of the 
world like western Europe, with its population 
of about 280,000,006, its density of population of 
over 200 to the square mile and its relatively 
intercity 


short while 


distances. Such machines 
perhaps not entering the stratosphere, will be 
flying at heights at which the ambient air will 
be but little warmer than that above the tropo 
pause This writer believes that supersonic strato 
spheric airplanes will be the order of the day for 
intercontinental and nonstop stratospheric routes 
within the next decade 

From the metallurgical standpoint, the prob- 
lem of stratospheric flight resolves itself into two 
parts. One concerns subsonic aircraft, the other 
supersonic ones. With the first, consideration has 
to be given to the influence of cold on the alloys 


of which the structure is made. With supersonic 
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machines, due to friction of the air, the reverse 


is the case not low 


high surtace t rip ratures 
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of trial 
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Fig. 6 — Relationship Between Speed and Surface 


Temperature of Aircraft. Curve A is turbulent flou 
temperature at 50,000 ft. without allowance for 
radiation or absorption of solar energy; curve B is 
for same conditions but with allowance for radia- 
tion and absorption of solar energy; C is turbulent 
flow temperature at 75,000 ft. with allowance for 
radiation and absorption of solar energy; D is lam 
inar flow temperature at 75,000 ft. with allow- 
ance for radiation and absorption of solar energy 


frames. The following proportions are thought 
to be reasonably representative of current 
practice: aluminum alloys 80%, magnesium alloys 
2%, ferrous alloys 12%, copper 14%, miscellaneous 
materials 5%. 

The physical-metallurgical problem of sub- 
sonic aircraft largely consists in determining 
what adverse influence the lowest stratospheric 
temperature (say 130° F.) has on airframe 


Fig, 7 





Influence of Temperature on the 0.1% Proof 
Stress of D.T.D, 364 A (similar to aluminum alloy 
2024). All specimens soaked 1 hr. at test temperature 


materials. Research on the grand scale, largely 
carried out in the United States, has established 
beyond a peradventure that low temperatures 
generally improve and never adversely influence 
the static, dynamic and fatigue properties (even 
notch fatigue) of all current wrought and cast 
aluminum alloys. Magnesium alloys, while in- 
creasing in show decreased 
impact resistance, though not to an extent which 
precludes their use at stratospheric temperatures. 


static strength, 


Plain carbon steels, particularly rimming ones 
or those deoxidized in part or wholly with silicon, 
show quite dramatic drops in ductility and 
impact resistance with decrease in temperature 
To a lesser degree this is true of the ferritic 
chromium alloys. On the other hand, austenitic 
steels containing chromium and nickel within 
certain prescribed proportions are improved in 
every way by cold. Between the unalloyed and 
the highly alloyed steels, there is a wide range 
of nickel-chromium-molybdenum ferritic steels 
which, while decreasing in ductility and impact 
resistance with fall in temperature, are entirely 
suitable for use in subsonic stratospheric ait 
craft, provided always they have been given the 
correct heat treatment. High-tin solders ( used for 
making electrical connections) undergo most 
pronounced embrittlement. Should the tin con 
tent be reduced to below 10%, this difficulty is 
avoided, but at a very considerable cost in ease 
of manipulation. (To describe such solders as 
“hard to use” would be regarded by a practical 
tinsmith as the understatement of a lifetime. ) 
Finally, a word as to titanium, that Cinderella of 
aircraft metals: Its impact resistance is markedly 
reduced by expected low temperature, but ex- 
perience with the metal and its alloys is 
as yet too limited to permit making any 
pronouncement of the extent its utility 
is impaired. 





























70 T a . . 4 ee The foregoing shows how, with but 
; minor changes in the selection of alloys 

60 t t 500°F metallurgical difficulties which could 

/ arise in connection with subsonic aircraft 

50 | | | i ; 300°F can be anticipated and overcome. It is 
© sf now necessary to consider the supersonic 
- 40 | | t 390 °F machine. Figure 6 discloses the surface 
£30 [7 | | temperatures which will have to be met 
w . 480°F at two heights, 50,000 and 75,000 ft., at 
4 20 | : 7 : airspeeds up to 3000 miles an hour, under 
t, 5s70°F two conditions of airflow, turbulent or 

10 ' + ; : laminar. The former is characteristic of 

, a | 660°F | all existing aircraft. The latter is a state 

O o> 0.4 OS O68 7.0 of blessedness for which all aerodynami- 
Strain, % cists hope. However, its attainment, like 
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entry into Heaven, is open to doubt. Certainly it 
religious pictures are to be believed, lamina: 
flow was unknown to the angels at the time 
they had their portraits painted. 

Dealing with the world as it is and not looking 
too far forward, a speed at stratospheric heights 
of 1400 miles an hour appears to be attainable 
within the next ten years. From Fig. 6 this indi 
cates that the surface equilibrium temperature of 
a machine flying at 50,000 ft. will be about 
100° C., (212° F 


temperatures, the stress-strain diagrams of the 


Figure 7 gives, at different 


wrought aluminum alloy extensively used in 
British airframes (it is akin to 24S or 2024) 
This material, or more heat resisting variants of 
it, will prove adequate under the conditions 
cited. If higher speeds are required and (doubt 
less they will be by the military who, like Oliver 
Twist, ever ask for more), then other structural 
materials will be necessary. The problem is not 
surely an immediate one, though it is appropriate 
to speculate on its solution. Titanium may well 
be the answer. Figure 8 gives stress-strain dia 
grams at varying temperatures of one of the 
newest titanium alloys, Ti-155 AX. It, or more 
likely a more heat resisting alloy yet to be pro 
duced, may prove adequate for the structure of 
stratospheric airplanes flying up to about 2500 
miles per hour. If speeds beyond this are called 
for, then, at present there appears to be no 
answer but steel. Thus in part is justified Rudyard 
Kiplings dictum, “Iron, cold iron, is master of 
them all.’ 

As a tailpiece to an article which is both a 
record of what is and a prophecy of what may be 
a singular fact should be mentioned. It justifies 
the ine 


the opening sentence “Problems are 


itable consequence of change in conditions.” 
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Fig 9 The Dark Area 
Converter Is 
Brushes Which Disintegrate When Machine 


Above the Rotary 


Carbon From Commutator 


Is Run Under Stratospheric Conditions 


When subsonic aircraft first entered the strato 
sphere, a strange, frightening and wholly unex 
pected thing occurred, The carbon brushes of 
dynamos and motors carried in such aircraft 
which, at lower heights had always proved them 
selves adequate suddenly began to wear at a 
quite prodigious rate. from half an inch to an 
inch per hour! Figure 9 shows an aircraft rotary 
converter running in stratospheric air. This ma 
chine would have operated satisfactorily for 


The black cloud is not a 


It is carbon dust arising from the dis 


years at low levels 
shadow 
integrating brushes 

To the nonaeronautical reader, this may ap 
pear to be merely an interesting but unexpected 
To the 


it provoks s feel 


consequence of invading pastures new 
aeronautical reader, however 
ings akin to horror, for in the modern airplane 
man has created a monster which he, unaided 
can no longer control. He must have the help of 
electric power generated within the machine 
which converted therein into mechanical energy 
will enable him to do what he is now by himself 
too puny to do. Electricity is a genie and man is 
its slave. The course of the catastrophic wear ol 
brushes is undoubtedly the 


standard carbon 


dramatic change shown in Fig. 4 in the relative 
humidity of the atmosphere, once the tropopause 
is penetrated, Research again, largely and most 
ablv conducted in the United States, has 
how, by different methods of brush manufacture 
a difficulty 


be reduced to endurable proportions 


shown 
initially of the first magnitude) can 


Experiment teaches, but it is imagination and 
courage whic h have conquered a new wor Id - ] 
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Thermonuclear weapons | 
powerful] change all this. On 


evacuation, In this event the 
fense’ derive primarily fror 
(a) How big is the bomb anc 
and heat effects vary in the 


1956: 6 megatons. 1957: 1 
megatons 


titled “South Woodley Looks at 
of the Atomic Scientists for Octot 


(Dr. Knapp says nothing abc 
radiation, or from radioactive 
Commissioner Willard F. Libbey 
Mayors on Dec. 2, 1954 that bo 
planned tor air bursts because 


An air burst “is relatively harmle 


is far as local contamination | 


Estimated 
at Various 


cities had only to worry about a wild miss 


be necessary to destroy a city, and bombing errors 
of a mile or more do not change the expected dam 
age to suburban areas or affect a plan of action or levels, 3 psi. and 3 cal 


total destruction and no significant damage? 


“a bomb fired close to the 4 
surface has restricted area of bk 


H-Bomb Defense: Absence~ 


For Nagasaki-size atomic bombs [equivalent to summarizes the effect of bomb size on peak blast 
20,000 tons of TNT| the radius of severe damage overpressure and radiated thermal energy on a 
is about | mile; suburban sections of large target very clear day. | Markings on the curve are taken 


from tabulations in Dr. Knapp’s article, and indi 


at least 100 times as cate that total destruction from blast and heat may 
ly a single bomb would be expected for distances up to six miles for a 


6-megaton air burst on a clear day, and nine miles 
for a 24-megaton bomb.| 


As to minimum safety 


per sq.cm. constitute the 


problems of “civil de writer's best guess. |This means an approximate 
n two considerations distance for unshielded persons of 13 miles from a 
1 (4) how will its blast 6-megaton bomb and 16 miles from a 24-ton bomb 

twilight zone between FCDA planning for 1955 assumes one hour ad 


2 megatons, 1958: 24 the center of Washington 


vance notice, which should enable most people to 


Bomb Size Federal Civil Defense Administra move an average of two miles. Even without warn 
tion’s 1955 plans assume that “any city attacked ing, a blinding flash in the sky would give a person 
with very few exceptions, would be substantially eight miles away about 5 sec. before the heat wave 
destroyed”, This means that Philadelphia, with an reaches him, which is enough to get behind an 
area of 127 sq. miles, equivalent to a circle of 6.4 opaque object, and 40 sec. before the blast wave 


miles radius, would require one bomb of 1,600,000 arrives. With practice it takes only 2 min. to close 
tons TNT equivalent (1.6 megatons). Since one of doors, windows and blinds in a house, and an alert 
our bombs tested at Bikini in 1954 had 5 to 7 mega and trained community can take shelter in 3 min 
tons equivalent, the writer estimates appropriate As to evacuation, assume conditions in 1958 
bomb sizes for defense planning to be as follows when residents of South Woodley, 10 miles from 


would have to move 6 


miles to reach minimum safety. // the roads were 


the H-Bomb”, in Bulletin 
yer 1954, p. 306. Matter in 


termination of whether 


' lear, 10 min. would be adequate in an automobile 
4 ‘ e Jan e The graph, scaled : , ' _ og, 
Blast and H at Dar ag . P 30 min. for most boys on bicycles. On foot, pushing 
up from the official “Effects of Atomic Weapon , : - © 
a baby carriage, would take 2 hi 
*Excerpts from an article by Harold A. Knapp, Jr. en It does not seem reasonable to assume that thing 


could be kept moving without a great deal of plan 


ling, practice, and public educat e civil de 
brackets || represents interpolations by the editor of Metal — pracu ind p bli luca ion rh ivil d 

Progress, Dr. Knapp is a member of the Navy Department fense measures which seem to offer the greatest 
staff and civil defense director of South Woodley, Va., a chance for saving lives and property are 

town of 250 homes and 1000 people, 10 miles west of the 1. A warning system which allows a rapid de 

White House 


or not there will be time 
jut damage from gamma 
dust fall-out AE to evacuate 
said at a Conference of 2. A pre-bombing evacuation plan 


mbing would probably be 


ist and thermal damage 


{mount of Heat Radiation (Left) and Blast Pressure 


3. Special outdoor shelter 

First aid training and equipment 
6, radiologically speaking 5. Plans and equipment for extinguishing fires 
concerned”, he continued before they have an opportunity to grow 


rr spread 


(Right) 


Distances From Ground Zero as Affected by Bomb Size 
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The Pitted-Tank Mystery 


By MARJORIE R. HYSLOP* 


If a stainless retort in an ammonia dissociator 
was rapidly penetrated by pits in the upper head, starting from the outside, 


some near a weld, others in smooth plate, 


r 
a is the story of the failure of three 
tanks—a failure so mystifying that the services of 
a whole corps of metallurgical sleuths were 
required to break the case 
The victims were a set of three stainless steel 
tanks — or 


should sav the victim was the Universal Space 


ammonia dissox lator perhaps we 


craft Products Corp., which bought the tank 
which got the 
A. Middleman, Inc., steel 
which purchased the steel trom two 
Steel Co, and the 


from the Contraption Mfg. Co 
heads and shells from 
supplier 
companies — the Neverstain 
Everbright Steel Co 


where would vou look for the cause? 


When the first tank tailed after only eight 
months of service it was expec ted to last many 
vears), it was only natural that the Universal 


Spacecraft people should think they got stuck 
with some pretty poor mer handise. They turned 
first, of to the 
traption Mig. Co 
that 


units 


course trouble shooters at Con 
who pointed out, somewhat 
had than 200 
a period of years with no 


Middleman outfit got 


aver ved they sold more 


sirmilar overt 


( omplaints Perhaps the 


*Managing Editor 
thi Whodunit 
tore ot Armco 


Metal Progre 5 The 
was provided by the re 
Steel Co p 


material for 


“ irch labora 
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hold of some poor steel, Middleman countered 


with the suggestion that the vessels might not 
have been properly cleaned after fabrication o1 
that the white lead paint used by the Contraption 
Co. to mark the shells and heads during fabri 
cation might have had something to do with it 
Contraption didn't hold with this idea because 
they had never before thoroughly cleaned or 
pickled their tanks prior to putting them into use 
and they had been using the same marking paint 
for years without trouble. The upshot was a 
joint investigation conducted largely by the two 
steel manufacturers with minor assists from the 
other three companies involved. 

like any other 
requires first an examination of the corpse, some 


Metallurgical detective work 


times an autopsy, always a photograph. The 
corpse is shown in Fig. 1—a tank 26 in. in 
diameter, made from Type 309 stainless steel 
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% Tay Baad Fig. 1 — Ammonia Disso 


ciator Tank of Type 309 
Stainless Steel Which 
Failed by Localized Pit 
ting Adjacent to Circum- 
ferential Weld 
Note nodules of scale atop 
tank which were removed 
from pits in head and shell 


Seams 


(13.5% Ni, 22.5% Cr, 0.20% C), with shells *% in 
thick and dished heads % in. thick, arc welded 
with Type 310 covered electrodes. For ammonia 
the tank is filled with nickel shot 

and completely enclosed in an 


dissociation 
(a catalyst) 
resistance furnace which heated it to 
about 1750° F the failed 
tank had a ring of large pits, the size of half a 


electric 


As shown in Fig. 1, 


golf ball, around the straight flange of the top 
head, There were similar pits around the shell 
plate within 2 or 3 in. of the weld between the 
shell and head. Two or three of these pits had 
eaten completely through the shell. There were 
no pits adjacent to the longitudinal seam. All of 
the pits were on the outside surface. 

The other two tanks operating at Spacecraft 
Products Corp. had been in service for six 
months, and their outside surfaces were also 


heavily corroded or scaled in localized areas 








So much for the corpse. The autopsy was 
begun in the laboratory of the Everbright Steel 
Co. and consisted of chemical analysis, spectro- 
graphic analysis, metallographic examination 
hardness and Chemical analysis 
showed that both weld seam and shell plate 


bend tests. 
were of conventional composition for Type 309 
No explanation for the preferential attack of the 
shell plate. Metallographic examination indi 
cated that the scaling was a form of accelerat 
ed high-temperature oxidation — something that 
could be caused by localized contamination 
perhaps an oxide of molybdenum, vanadium or 
lead. The inside surface of the tank was heavily 
nitrided by the dissociated ammonia, but this 
seemed to have no relationship to outside trouble 
At this point another expert was called in —a 
consultant who made extensive X-ray diffraction 
analyses. His report supported the idea of 
accelerated oxidation but failed to identify the 
contaminant 

Despite the fact that the quality of the steel 
was now pretty well ruled out as a suspect, the 
second steel manufacturer got busy on the case 
he had two similar ammonia dissociators for 
making prepared atmospheres in one of his own 
plants and hoped to get more than eight months’ 
use out of them! 

All the evidence so far collected was therefore 
transferred to the research laboratory of the 
Neverstain Steel Co. and the case assigned to 
Joe Thursday, research welding metallurgist. In 
search of the contaminant, Thursday decided to 
supplement his routine chemical analysis (which 
checked previous results) with spectrographic 
analysis. This ruled out the previous supposition 
molybdenum, lead or vanadium had 
done the dirty work. 


that arsenic 


Macro-etch specimens provided another bit of 
evidence when Thursday examined his speci 
mens a little more closely and found that a 
shallower case similar to the nitrided case on the 
inside also existed on the outside surface just 
below the pits. This he couldn't explain. 

Scratching his head, he decided to run some 
oxidation tests. A pitted section from the disso 
ciator tank, together with a smooth reference 
sample of regular Type 309 steel, was heated to 
1950° F. for 125 hr. On cooling, the control 
specimen was covered with a normal, moderately 
heavy scale. The tank section scaled in the same 
way, but the pits were covered with a much 
heavier layer, which suggested that the contami- 
nant might still be present. Since the inside sur- 
face of the tank scaled in a normal manner, the 











Fig. 2 
Taken From a Point Below One of the Corrosion 
Pits Is Largely Nitride Compound in a Matrix of 
Austenite. Oxides at surface extending inward. Dark 
Unetched, 500 


Structure of Specimen of the Failed Tank 


particles are sulphide inclusions 


nitrided case below the pitted areas could not 
be responsible for the heavy scaling. Our detec 
tive suspected then that the case formed as a 
result of metal loss, or that the penetration of 
some element had lowered the solubility of the 
austenitic metal for nitrogen. 

Accordingly, he exposed another small section 
to lead oxide at 1600° F. for 1% hr. and looked 
at it under the microscope. This showed that as 
the steel was dissolved or oxidized away, a layer 
of the nitride-like compound formed beneath 
Apparently, the wall of the tank 
even at the outside surface 


the surface 
was saturated with 
nitrogen, As the pits grew, the nitrogen was not 
lost with the metal, but accumulated to form the 
nitride compound, While this could explain the 
presence of a nitrided case beneath the pits, it 
still did not shed any light upon the actual cause 
of the pitting attack 

As part of his collection of evidence, Joe 


Thursday ordered 


a thorough metallographic 
survey of the outside and inside surfaces of the 
tank and of the pitted sections. There must, he 
thought, be a clue in the micrographs. So he 
spread them out before him and examined them 
one by one. Suddenly he spotted what he was 
looking for. The micrograph of the area below 
a scaled pit (Fig. 2) showed not only the nitride 
compound (gray) in a matrix of white austenite 
but also some dark particles that did not appear 
in the other sections. Selective etching revealed 
them to be sulphide inclusions. Chemical analy 
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sis confirmed sulphur penetration — the normal 
scaled surface contained 0.019% sulphur but the 
surface within a pit contained 0.036% sulphur. 
This explained the inefficacy of the earlier spec- 
trographic analyses because sulphur is not ordi- 
narily detected with this instrument 

Thursday now knew he was hot on the trail 
At least he had found the probable instrument 
of destruction! 

Still another experiment was needed to prove 
that sulphur was the contaminant. Some small 
coupons from the unpitted tank wall were pre 
pared with a hole drilled in the outside surface 
A small mound of powdered refractory brick was 
heaped over the hole. In some of the specimens 
the refractory powder was mixed with 20% ele- 
while mixed with 


mental sulphur some were 


20% iron sulphide. At this point, Thursday dem 
onstrated his sleuthing skill by covering some of 
his samples with a crucible so as to reproduce 
the stagnant atmosphere which surrounded the 
tanks when cased in a closed electric furnace. A 
drilled, but without the brick 
dust, was included in the group 


control sample 


Thursday's samples were heated at 1750° F. for 
100 hr. 


were the two which were exposed to elemental 


The only specimens showing any attack 


sulphur and iron sulphide and covered by a 
crucible! Such a sample is shown in Fig. 3; it 
closely resembles Fig. 2 of the actual failure 
the same nitrided case, the small sulphur par 
ticles that penetrated (mostly intergranularly ) 
into the steel, and the accelerated oxidation that 
followed the penetration of sulphur 

Finding of the instrument of destruction car 
ried the 


solution, It remained only to identify the culprit 


case to within one step of complete 


in the form of some sulphur-bearing material on 
the tanks which failed so quickly. The 
shifted to the 
Products Corp. where Joe 


scene 
therefore Universal Spacecraft 
Thursday assembled 
representatives of that organization, of the Con 
traption Mfg. Co., A. Middleman, Inc., and the 
Neverstain Steel Co, The Universal Spacecraft 
man pointed out that although the steel in the 
tanks was not responsible for the failures, the 
sulphurous contaminant may have reached the 
tanks while in the hands of the fabricator, while 
en route by rail, or while being installed at the 
plant. The matter of payment for the tanks 
would be a difficult question to settle unless the 
damaging material and its source were identified 

As noted earlier in this history, neither mark 
ing paint cleaning sequence particles of welding 
slag, nor any other fabricating operation in the 
PROGRESS 
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Fig. 3 — Surface of Unpitted Tank Specimen Which 


Was Exposed to Mixture of Powdered Refractory 
and 20% Sulphur Under Crucible for 100 Hr. at 
1750° F 


Note formation of nitride compound just 


belou surface pe netration of sulphur and en 
suing oxidation from surface. Unetched, 250 


Contraption plant seemed to locate the guilty 
sulphur. It was even less likely that it could have 
been acquired during shipment 

At this point the investigating group visited 
Spacecraft's gas generator building to inspect the 
ammonia dissociators, several of which were in 
operation, while some had been equipped with 
new tanks but not yet fired up. Samples of four 
possible contaminants were removed from thes« 
tanks and taken back to the laboratory 

The first two samples were of insulating brick 
and asbestos brick, found scattered over the head 
of inoperative tanks where particles had fallen 
during installation or removal of the cover. The 
third sample was from one of the operating tanks 
and consisted of a heavy, vellow incrusted de 
posit on the weld joint where the top of the 
tank was joined to a discharge pipe. The fourth 
sample was of powdered hand soap which had 
been applied in a thick solution to the pipe joints 
while the system was pressure-tested 

Back in his laboratory, Joe 


the four materials for sulphur and found 


Thursday analyzed 


MATERIAI SULPHUR 
Insulating brick 0.010% 
Asbestos brick 0.43 
Soap powder 0.10 
Deposit from welded pipe joint 1.02 


The amount of sulphur in the asbestos brick 
seemed high enough to warrant investigation 
While the soap—a synthetic detergent of the sul 











Fig. 4— Type 
| Kpose d to Powdered Asbestos Brick at 
1750° F. for 115 Hr 


309 Laboratory Specimen 


Showing Normal 


Oxidation Attack Unetched, 500 


a little, the very 


high sulphur in the deposit removed from the 


phonate type contained only 
pipe weld suggested it might have been concen 
trated when the powder was heated 

Thursday again ordered laboratory contamina 
tion tests small mounds of the powdered in 
sulating brick asbestos, and soap were plac ed on 
coupons from the uncorroded portions of the 
tank, covered with a crucible, and exposed at 
750° F. for 115 hr 

After cooling, the insulating brick and asbestos 
were unchanged, but the specimen bearing the 
soap powder had produced a substantial quan 
tity of black flaky scale and a small amount of 
yellow incrustation similar to the deposit found 


on the pipe joint Sulphur analyses were 


Kesipus SULPHUR 
Insulating brick 0.010% 
Asbestos brick 0 15 
Soap powder ind black seale 0.048 


This suggested to Detective Thursday that the 
sulphur in the insulating brick and asbestos is 
stable, while that in the soap may concentrate 
during early stages of heating and then diminish 
by diffusion into the steel or by volatilization 

Joe made more micrographs Just as he ex 
pected, the specimens exposed to insulating 
brick and asbetos (Fig, 4 


attack or structure. On the other hand, the cou 


showed no unusual 


pon ¢ xposed to the powdered soap (Fig. 5) de 
veloped the selfsame condition as the failed tank: 


namely, penetration of sulphide 


partic les 


Fig. 5 Type 309 Laboratory Specime nil rposed to 
Powdered Soap at 1750° F, For 115 Hr 
Sulphide Particles, Intergranular 
Oxidation, and Nitride Compound, Unetched, 500 


Showing 
Penetration of 


into the steel, intergranular oxidation, and a sub 
stantial quantity of nitric compound just below 
the surface 

The evidence pointed incontrovertibly to the 
culprit. Soap was the material that contaminated 
the outside surface of the tanks, produced the 
sulphur penetration, and dug the pits! 

Only one flaw remained in the argument. The 
workmen had been instructed to pressure-test 
only the field-welded joint at the discharge pipe 
yet the corrosion pits followed the circumferen 
tial seam where the fabricating company far 
far away, had welded the head of the tank to 
the shell. Here Thursday applied his powers of 
deduction. Would it not be possible he said, that 
the workmen had been overzealous and plastered 
soap solution over all welded seams in reach? 
Indeed the pattern of attack on the tanks did ap 
pear to be related to the brushing of soap solu 
tion over! welded areas occasional dripping ot 
the solution from container or brush, and pos 
sibly some running or spreading of the dried soap 
as the tank was heated to ope rating te mperature 

Perhaps somebody should have been booked 
on a 592 (failure to remove grease, oil, or other 
foreign materials from the surface of stainless 
steel prior to being placed in service), but the 
unusual circumstances seemed to warrant closing 
the case nolle prosequi. The Universal Spacecraft 
Corp charged off the los 


to experience and Jon 


laboratory to tackle 


the next project °o 
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Thursday went back to hi 








Fine-Grained Brass for 
Deep Drawing 


By CHARLES A. TURNER* and STEPHEN P. BANNO?F 


A continuous annealing method for deep drawing brass (85-15 and 70-30) 
produces a material having fine grain, which eliminates “orange-peel”, 


while retaining the ductility of a coarse-grained structure. 


1, IS AXIOMATIC among users of brass strip 
for press drawing that deep drawn articles 
require a coarse grained material (0.020 mm 
minimum ), this belief being based on their ex 
perience. This theory is upheld by the evidence 
that when the conventional batch practice is 
used to anneal strip, the increasing grain size 
decreases the tensile strength and increases duc- 
tility (elongation) as indicated in the tensile 
test. However, a recently installed continuous 
annealing line (Fig. 1) is producing strip having 
deep drawing quality and a fine grain. This de 
parture from the accepted practice revises some 
established concepts of the influence of grain 
size on mechanical properties. 

In this new continuous method employed at 
the Somers Brass Co., Waterbury, Conn., a 
single strip of brass, 0.004 to 0.020 in. thick, is 
fed into the annealing furnace at speeds up to 
190 ft. per min. (the fastest in the brass industry 
today), where it reaches annealing temperature 
in but a few seconds and is then quickly cooled 
The outstanding characteristic of this fast-an 
nealed strip is its superior ductility associated 
with the uniformly fine grain. Most of the pro 
duction is strip supplied to the “eyelet” trade 
for deep drawn articles, such as lipstick con 
tainers and fountain pen caps (Fig. 2). This 
strip must be ductile and easy to buff. 


* Metallurgist, Selas Corp. of America 
tMetallurgist, Somers Brass Co 
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When strip for such applications is processed 
by batch annealing, the required ductility is 
obtained at the expense of grain size. The objec 
tionable feature of a coarse grain for any finish 
ing work is the attendant rough “orange-peel” 
surface which is difficult to polish. The brass as 
conventionally processed for deep draws is a 
compromise between coarse grain for ductility 
and fine grain for improved surface 

Figure 3 compares grain sizes of 85-15 brass 
strip for deep draw finishing work as processed 
at the Somers’ plant by the continuous and the 
batch methods. The coarser grain (0.020 mm 
is typical of material from batch annealed coils 
and the fine grain (0.010 mm. maximum) of the 
high-speed continuous annealed strip 

By the new continuous annealing method 
employed at Somers Brass Co., heating is so 
rapid (less than 10 sec.) that the strip is at a 
high temperature before nucleation begins. The 
high heat accelerates the rate of formation of 
nuclei and provides sufficient energy of activa 
tion to effect instantaneous nucleation at all 
points of stress concentration. Therefore, re 
crystallization is completed before any growth 
of the unstrained grains can start. To arrest grain 
growth by coalescence the strip is cooled rapidly 
by water quenching. Such rapid heating and 
cooling results in an fine-grained 
structure having greater ductility than that pro 
duced by any other annealing method 


extremely 


























Fig. 1—Exit End of Selas 
Continuous Annealing Fur- 
nace at Somers Brass Co 
The strip, traveling at 
speeds up to 190 ft per 
min., is quickly cooled be- 
fore being exposed to air 





The continuous annealed brass offers another 
advantage: According to H. L. Walker and W. J 
Craig (“Effect of Grain Size on Tensile Strength 
Elongation and Endurance Limit of Deep Draw- 
ing Brass”, A.S.M.E. Technical Publication No 
2478), the endurance limit for 10 million cycles 
of completely reversed stress is almost doubled 
when the grain size is reduced from 0.024 to 
0.004 mm. average diameter. For applications 
such as diaphragms, or where vibration is an 
important factor, it may be expected that the 
life of brass parts will be increased 









Control of grain size by any annealing method Fig. 2—Deep Drawn Parts Mad 
depends upon regulation of the time-tempera of Fine-Grained Brass (0.010 Mm 
ture cycle. Batch annealing requires heating 
; hig 3—Comparison of Grain Sizes of 85-15 
Brass From (Left) Hich Speed Continuous Anneal 
and (Right) Batch Anneal. The former is 0.010 


mm, (maximum) and the latter 0.020 mm. 75 


times running to hours to bring the interiors of 
the coils to annealing temperature if overheating 


MARCH 1955; PAGE 97 

















a “ 

E Outside of Coil ae 
= 4 

oo 4 

+ / 
Y J 

¢ / 

6 
S US Center of Coil 

- 
——— want 
Time, Hr 
Fig. 4—Change in Grain Size With Time 


During Batch Annealing of Coiled Brass Strip 


of its outer turns is to be avoided; in turn, this 
means the temperature must be low (approxi- 
mately 800° F. for production of the finer-grained 
red brass). The cycles are selected so as to 
give an equilibrium grain size and thus com- 
pensate for the varying times different portions 
of the coil are actually at peak temperature (see 
Fig. 4). Though the grain appears to approach 
an equilibrium size, it is continually growing 
with increasing time. The result is a variable 
grain size and a_ cor- 


heat over the full strip width. The strip descends 
vertically through the furnace and upon leaving 
it is quickly cooled by a combination steam and 
hot water quench. During the heating, the strip 
temperature is continually rising, with no soak 
ing. The time under heat, which depends on 
strip speed, varies from 3 to 8 sec. When strip 
speed is increased to meet mill production re 
quirements, higher temperature is used so as to 
maintain the time-temperature balance that pro 
duces the desired grain. The fine grain in red 
1300° F 
the precise temperature depending on the thick 


brass is developed at approximately 


ness of the strip and its speed through the 
furnace. Control of strip temperature is obtained 
by coordination of strip speed and heat input 
A uniform anneal is obtained over the full length 
of each coil and from coil to coil. 

Table I compares physical properties of batch 
and continuous annealed brass strip that had 
been processed for the same kind of deep drawn 
products The elongation values for the latter 


show its improved ductility 




















responding variation in The ability of brass strip to 
mechanical properties of -— Continuous Anneal ~ absorb work hardening dur 
the annealed coil = Batch Anneal al ing cold reduction is indicated 
The continuous method by the extent of the plastic 
of rapid annealing of a range in the tensile test. This 
single strand used at — is illustrated schematically in 
Somers is done in a direct- the stress-strain curves, Fig 
fired yvas furnace that 5 that define the plastic range 
consists of two. vertical by the spread between the 
panel sections having re yield point and the ultimate 
fractory walls studded ” strength 
with radiant cup burners e In conventional batch an 
The burners are posi v nealing of high or cartridge 
tioned to give a uniform brass, varying amounts of im 
purities, notably iron, make 
close control of grain size 
Fig, 5—Stress-Strain Rela- difficult. For this reason an 
tionship ~ Tensile Test upper limit of. 0.05% iro S 
for Brass Strip Annealed PI ~~ aun 
by Batch and Continuous usually specified for quality 
Methods. The curves shou brass. It is generally believed 
that the latter has great that iron has little or no effect 
er capacity for cold work — upon time or temperature of 
= initial recrystallization but re 
Table I — Properties of Batch and Continuous Annealed Strip _ | aap at the 
usual temperatures for batch 
Rep Brass (85-15) Yettow Brass (70-30 annealing. At higher anneal 
muses BATCH CONTINUOUS Batcu | ContTinuous ing temperatures the iron 
| goes into solid solution and 
Grain size, mm 0.020 | 0.010 (max.) 0.020 | 0.010 (max grain growth then proceeds 
Tensile strength, psi 46,000 +7,.000 56,000 5.600 at an accelerated rate. As a 
2 . oy ; 9 55 
es I 10) 4 39 a 6 to 45 19 to - result of this rapid growth 
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and the impossibility of at 











taming a uniform coil temperature in a limited 
time —the grain structure is coarse and non- 
uniform. 

The literature on the subject states that solid 
solubility for all iron contents is essentially com 
plete at 1290° F 


rapid heating, the instantaneous recrystallization 


In continuous annealing by 


takes place at elevated temperatures, where the 
iron is in solution. With the temperature uni 
formity and close control of time that this method 
permits brass strip ot high iron content is an- 
nealed uniformly and with a close control of 
gram size 

Figure 6 illustrates the influence of high iron 


content (0.115%) on the development ota speci 


fied 0.025-mm. grain size in 70-30 brass. Batch 
annealing (at left in Fig. 6) for this grain size 
was applied (40 min. at 1000° F.) Complete 
recrystallization resulted but the over-limit con- 
tent of iron prevented grain growth. Results 
were similar after a second treatment at a slightly 
higher temperature (40 min, at 1020°F.). A 


coil of this same brass, not previously treated 
was then continuous annealed at 100 ft. per min 
to reach 1350° F.), and 
(0.025-mm 
6 right 


approximately 7 sec 


the uniform and larger grain size 


was produced ( Fig 

The extremely fine grain, in brass of high iron 
content, that results from batch annealing does 
not have the deep drawing characteristics of 
a continuous annealed fine-grained structure 
Rather 


brass are those of a quarter-hard material, which 


the properties of the batch annealed 


limits its application. The difference in draw 
ability of fine-grained brass of high iron content 


produced by the two methods appears to lie in 


the ability of the continuous method to place 
the iron in solid solution during heating and 
to maintain this solubility by the rapid quench 
to room temperature, In this state the iron has 
no hardening influence. 

To prevent oxidation of strip during batch 
annealing, coils are heated and cooled in a pre 
pared atmosphere. The long annealing cycle and 
the loss of zine at the strip surface by vaporiza 
inherent 


tion are problems of this method 


“Scalloping”, as this loss is called, is confined 
principally to the exposed edges of the coiled 
strip where the adjacent laps are not as tight as 
at the center. The resulting discoloration can be 
partially removed by pickling, but, for finishing 
work, complete removal requires costly buffing 

Continuous annealing in this as fired furnace 
requires no externally prepared atmosphere since 
the gases produced by combustion for heating 
the strip are nonoxidizing to coppet and its alloys 
Air and gas for firing the burners are premixed 
in a combustion controller in a ratio to prevent 
the occurence of free oxygen in the products of 
combustion, The furnace gases consist of nitro 


gen, water vapor carbon dioxide carbon mon 
oxide and hydrogen, none of which oxidize the 
brass strip. The tightness of the furnace permits 
to exclude 


operating under a positive pressure 


infiltration of air. The strip is under heat for so 
short a time that dezincification is negligible 


and a clean annealed product results  ) 


Fig. 6-70-30 Brass With High lron Content 
0.115%). Left: after batch anneal at 1000° I 

for 40 min. and re-anneal at 1020° F. for 40 
min. Right: after continuous anneal at 100 ft. per 


min approximately 7 sec. to reach 1350° F.) 75 » 
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Anything New in Hardness 
Measurements? 


By S. R. WILLIAMS* 


The eminent author of the @ book on “Hardness Measurements” comments 
on the rise in microhardness and portable testers, and reminds us that a 
fundamental concept of hardness still eludes the theoretical physicist. 


ae through Olmsted's “Introduc- 
tion to Natural Philosophy”, | found the follow 
ing item: “Hardness is that property of a body 
by which it resists the impression of other bodies 
that impinge upon it; and the degree of hardness 
is measured by the quantity of this resistance 
If this resistance is so complete as to render it 
totally incapable of any impression, then a body 
is said to be perfectly hard.” 

This was written about 125 years ago. Compar- 
ing it with modern definitions, one is led to won- 
der as to how much progress we have made in 
our understanding of hardness in a century. For 
tunately, we are not limited in our approach to 
a subject by a definition, but have a much more 
realistic one which Bridgman has emphasized 
over and over again: “The attitude of the physi- 
cist must be one of pure empiricism.” He must 
pursue knowledge by observation and experi- 
ment; his understanding of a physical concept 
is by certain physical operations which he em 
ploys in measuring that concept. 

Let me illustrate this point by considering the 
concept of hardness. What do we mean by the 
“hardness” of a body? We evidently know what 
we mean by “hardness” if we can tell in terms 
of numbers what the hardness of any and every 
object is. For the physicist or metallurgist noth 
ing more is required. 

To find the hardness of an object, we have to 
perform certain physical operations. The concept 
of hardness is therefore fixed when the oper 
ations by which hardness is measured are fixed; 
that is, the concept of hardness involves as much 
as and nothing more than the set of operations 
by which hardness is determined in terms of 
numbers. “In general, we mean by any concept 
nothing more than a set of operations; the can- 
cept is synonymous with the corresponding set 
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of operations.” This seems particularly applicable 
to that property of a body which we call hard 
ness, because we really have no precise concep- 
tion of hardness. 

The past few months seem to have been an 
open season for advertising hardness testers of 
all sorts and descriptions. Does this mean (from 
Bridgman’s point of view) that we have as many 
concepts of hardness as there are kinds of hard 
ness testers? One cannot give a clear “Yes” or 
“No” answer. O'Neill would seem to have sensed 
this dilemma in the introductory essay to his 
splendid book on hardness published in 1933: 

“It would not be surprising to learn that work 
upon a problem which presents so many different 
aspects had failed to yield anything of real util- 
ity. The very reverse, however, is the case. In 
the realms of hardness, practice has outstripped 
theory, and the various technical hardness tests 
have been of the greatest value to industry for 
judging and controlling the quality of metallic 
products ... . One of the reassuring aspects of 
the hardness question is that on the whole the 
various tests put different metals into the same 
relative hardness seriest or sequence.” 

One robin doesn’t make a spring; neither does 
eight months of advertising in Metal Progress 
for 1954 decide unequivocally the recent trends 
in hardness testers, but it is interesting to note 
that only the static indenter type were adver- 
tised during those eight months. Apropos of this 
point, O'Neill commented on p. 5 of his book: 
“The production of munitions during the war of 
1914-1918 was not without its effect in directing 
attention more and more toward the Brinell ball 

*Professor of Physics, Amherst College, Mass. 

tThe various conversion tables which are common 
ly supplied: for-comparing any hardness tester with 
another is an attest of this point. 














method.” No doubt the second world war did the 
same thing, but these world-shaking events did 
not limit the indenter to the ball form. In fact 
the recent manufacturers’ literature would indi- 
cate that the diamond pyramid indenter is run- 
ning a strong second, at least. 

The two world wars with their emphasis on 
mass production also brought the motor-operated 
hardness tester to the fore. The new machines 
are marvels in their automatic controls. 

If the recent literature is any yardstick of 
what is happening in shops, where it is desirable 
to maintain standards by hardness tests outside 
of the laboratory, then the portable hardness 
testers must be regarded as a new development, 
brought to such a degree that their readings may 
be taken as quite relieble. This again indicates 
that “the various tests put different metals into 
the same relative hardness series or sequence”, 
because many of these portable hardness testers 


have their scales calibrated to read in Rockwell, 
Brinell, Vickers, or what-have-you numbers. 

It is also to be observed that the microhardness 
testers are coming in for their share of honors 
along with the macrohardness machines. It will 
be interesting to see whether Schulze’s observa- 
tions that “elastic recovery of indentation can be 
ignored in the macrohardness but not in the mi- 
crohardness range” will influence the use of one 
against the other. 

The writer still adheres to the old fashioned 
idea that if we want to get a more fundamental 
concept of hardness — that is, a quantity meas- 
ured in terms of length, mass and time — we may 
still learn something from the dynamic methods 
of hardness testing. This is a point emphasized 
by the eminent Frenchman, Roudie, in his impor- 
tant book on “Hardness Control in Industry” 

In the meantime the present operational pro- 


cedure is doing a fine job. rs] 





Data Books and Handbooks 


Metrat Data (Revision of MeTaLs AND ALLoys 
Data Boox), by Samuel L. Hoyt, Reinhold Pub- 
lishing Corp., New York City, 526 p., $10 


ASME Hanpsoox, Vow. 1, Metars Proper- 
ries, Edited by Samuel L. Hoyt, McGraw-Hill 
Book Co., Inc., New York City, 450 P $11 


Reviewed by MUIR L. FREY* 


pa RE is a growing need for good books 
of this type. The increasing breadth of our metals 
technology with its proliferation of new mate- 
rials, special materials whose application must 


be carefully chosen for optimum results, and 
more precise processing confronts all but the 
experienced engineer with a bewildering number 
of choices. It is, therefore, essential that the basic 
data be assembled in convenient form. Thess 
books represent the best effort this reviewer has 
seen to date to fulfill this need but they still, l am 
sorry to have to report, leave much to be desired 

“Metal Data” is the second edition and is more 
extensive in coverage than the first and contains 
much that is good and much that can be readily 
found nowhere else. For these reasons it will be 
of value to designers and to many materials 
engineers. It should be a delight to teachers 
because it contains much information that can 
be used to illustrate principles and its broad cov- 

*Assistant to General Works Manager 
Plants, Allis-Chalmers Mfg. Co 


Tractor 
Milwaukee Wis 
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erage will serve as an introduction to many 
subjects. 

The book is also timely. For example, by a 
suitable selection of data it emphasizes two 
important trends: first, the effect of temperature 
on the properties of metals, and second, the 
increasing use of the notched-bar impact test in 
evaluating steels. The result of the author's long 
experience in these areas can be plainly seen. The 
book is necessarily incomplete in these respects 
because the fields are developing rapidly and 
basic data are still accumulating, which is likely 
to make this material obsolete all too soon. 

“Metals Properties” was prepared for the 
American Society of Mechanical Engineers and is 
published as the first volume of a proposed four- 
volume handbook.* It does not cover as wide a 
variety of materials as “Metal Data” 
wants or needs no more than a 


. For one who 
listing of the 
mechanical and physical properties of a metallic 
material covered by an A.S.T.M. specification or 
by an A.LS.I. or S.A.E. classification, “Metals 
Properties” is, as a whole, adequate. Except for 
the mechanical properties, the data presented 
seem to have there is only 


one value given for whatever property is under 


been well screened; 


consideration. Mechanical properties are in too 
many instances presented from separate sources. 
Since the normally expected values are now well 
known to metallurgists and the variations from 
the several quoted sources are not large, it is 
difficult to understand the editor's failure to 
evaluate Had he done so, the un- 
initiated reader would have been benefited. 
When an author, 


his material. 


with the broad 
knowledge and experience that Sam Hoyt pos- 
book of metal 
data, he undertakes an assignment which cannot 
be completely fufilled. It cannot be all things to 
all men. 


even one 


sesses, undertakes to compile a 


The author's prime problem consists of decid- 
ing what to leave out. The decision is doubtless 
governed by the compiler’s experiences, his per- 
sonal preferences and his ideas of what the 
reader needs. Since the latter requirement cannot 
be definitely known, omissions are inherent. 
“Metal Data” is logical 
“Metals Prop- 
erties” suffers by comparison in one important 
respect, It was apparently the plan to arrange 
the data in numeric sequence of the specifica- 


The arrangement of 


and, therefore, orderly and usable. 


tions; however, something interfered in too many 


instances. Further, such an arrangement of the 


*Another volume of the 


set is reviewed by Mr. 
Raney on the next page. 
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A.S.T.M. section mixes cast iron, malleable 
wrought steel, pipe, valves, sheets, fittings, bars, 
strip, shapes, plates, nodular iron, cast steel, hot 
rolled, cold finished, galvanized and what have 
you in one grand potpourri. This arrangement 
makes it impossible to readily compare, for ex- 
ample, the properties of hot rolled bars of varying 
carbon content or of the numerous kinds of pipe 
made of 


iron, 


various materials. Here is a good 
example of where the loose-leaf system such as 
Metal Progress Data Sheets is superior; the user 
can then arrange the material to suit his needs, 
or post or frame individual much-used items. 
Perhaps it is a fundamental disadvantage of 
books of this type that they fail to carry the 
subject to its logical conclusion and present 
clearly the mechanical 
metallurgy. Not all phases of the subject can be 
so presented, because this newest branch of the 


science has yet to change completely from the 


known principles of 


. but in those areas 
where that change has taken place, it is possible 
to do a fairly good job. In the preface to both 
books there is a to the effect that 
assembling, sifting and arranging data was all 
that was contemplated — that is, the author exer 
cised his privilege of limiting the scope of his 
work, There can be no sensible exception taken 
to that fact, but there is still room to point out 
that the job falls short of fulfilling a need 

setting forth clearly those valid generalizations 
about the orderly and therefore predictable effect 
of chemical 


status of an art to a science 


disclaimer 


composition and mechanical or 
thermal processing on the physical and mechan- 
ical properties of metals. These matters are now 
of vital importance to more people than any 
other branch of metal science and technology 
Many of the people concerned with materials 
were not educated as metallurgists and do not 
readily 
data. 

cently graduated may not have kept fully up-to 


discern the principle from assembled 


Furthermore, those metallurgists not re 
date. Yet, without the unde rlying principle s it is 
next to impossible to handle the voluminous 
data now available. The mass of data in these 
books strikingly illuminates this need and yet, in 
too many important areas, no attempt is made 
to fill it. 

Perhaps a solution would be to use the conven- 
tional handbook form, so useful to engineers in 
all professions for the last 50 years. This would 
automatically provide for a judicious amount of 
editorial comment where it is needed and it 
could also be used, by a suitable selection of 


section editors, to add specialization where it 














counts. An illuminating instance of this is in the 
section on notched-bar testing in Metal Data. 
The section on high-temperature alloys in the 
same volume is timely and well presented. Here 
again a warning to the effect that this is a new 
field developing rapidly would be of value to 
the prospective use! if for no other reason than 
to advise him that anything but a superficial 
glance at this field would lead into considerably 
deeper water than is found in the publication. 
Altogether the books represent a worth-while 
effort in an area most difficult to handle. They 
are a valuable contribution to the growing litera- 
ture of metals engineering and we hope that 
the author will continue to revise and improve 


them in future editions. 


ASME Hanpsoox, Vow. Il, Merats 
ENGINEERING—Desicn, Edited by Oscar 
|. Horger, McGraw-Hill Book Co., 
Inc., New York City, 405 p., $10. 


Reviewed by R. R. RANEY* 


My first impression of this book was favorable 
but | later concluded, after some reflection, that 
the volume would not attain the objective set out 
in the foreword by Mr. Silleox, the chairman of 
the A.S.M.E. Handbook Board. The commend 
able aim of the work is contained in the state 
ment, “This Handbook has been prepared to fill 
the urgent need for a reference manual related 
to the design engineer's point of view.” M1 
Horger's editorial preface, which follows, elabo 
rates on the various problems which confront 
modern design engineers but the text, written 
chapter by chapter by 43 authorities, seems to be 
overly academic. My meaning will be made clear 
by citing a few examples. 

Part Four is entitled “Metallurgical Factors in 
Design”. As a design engineer this title conjures 
up in my mind a discussion of material analyses 
with a heavy accent on the effects of heat treat 
ment, Part Four, however, is devoted exclusively 
to subtle inspection methods based on magne- 
tized particles, X-rays, core-loss measurements 
ultrasonics, electric and electromagnetic systems. 
The material is interesting and the authors dis 
play a good deal of erudition, but, as a design 
engineer who is concerned with the metallurgical 
aspects of design, | would simply have to put 

*Assistant Manager, Advanced Engineering Sex 


tion, Farm Implement Division, International Har 
vester Co., Chicago. 


the book aside and consult some other work 

Or, take the question of “Design Procedures” 
in Part Six. Design practice is covered in a mere 
nine pages while the next 26 are devoted to 
design theory in the shape of complex mathe 
matical explanations of rather abstract phenom 
ena. The authors of these and other similar 
articles in the book are undoubtedly authorities 
but I have the 


feeling that they are writing for other authorities 


possibly the best in the field 


and not for people like myself; for I am expected 
to get a job done without taking time out to get 
a specialist's education. If | encounter a problem 
which requires this kind of talent, | hunt up 
someone who already possesses some facility 
with these techniques, but I do not consult a 
“handbook” 

The inverse situation is found in the cavalier 
treatment given such a straightforward topic as 
“Processing Considerations in Design”, Part Five 
of the text. Design engineers of my acquaintance 
are vitally concerned with creating designs which 
can be fabricated with the facilities available, yet 
over half of this short 20-page section is devoted 
to a learned discussion of surface finish. Useful? 
Yes, but not to the practical exclusion of a host 
of other problems concerned with efficient pro- 
cessing. Even so significant a process as welding 
gets less than two pages notice 

I suppose that all “assembled” volumes suffer 
from a certain amount of discontinuity in style 
or emphasis. | know that if I were one of the 
contributing authors, I would certainly resist any 
attempts by the editor to fit me into some stereo 
typed pattern On the other hand, the handbooks 
which are in greatest demand by my engineering 
associates are those in which the editor has 
played the leading part. By some means, the 
subject matter has been tailored to the point 
where the sections are balanced and where each 
article gives the feeling of being aware of every 
other article. The advantage is precisely this 
that the user has equal confidence in every page 
of the book and has no doubt about what is to 
be found when he consults the volume afresh 
Anything short of this constitutes merely an 
anthology whose use may provoke as many dis 
appointments as satisfactions gained 

Mr. Horger's preface closes with the statement 
that this “handbook is intended for use by prac 
ticing design and research engineers but will be 
found usable by advanced students”. | would 
revise this to say that the handbook is intended 
for advanced students but will be found usable 


by practicing design and research engineers, @ 
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Choosing a Titanium Alloy 


By LEONARD D. JAFFE* 








The many alloying metals proposed for titanium have a consistent action 

except vanadium and aluminum. All of them have virtues. Some of the so-called 
interstitial elements (C, N, O, B, H) are powerful strengtheners 

but are equally damaging to toughness and workability. Effects of composition 
and heat treatment are interrelated and systematized. 


1, THE ARTICLE on “Heat Treatment of 
Titanium Alloys” in Metal Progress last month 
(p. 101) an attempt was made to draw together 
the results of many researches and publications 
into a somewhat systematic and coherent pat- 
tern. The view was taken that the properties 
of the commercial alloys depend upon the prop- 
erties and arrangement of their microstituents 
and heat treatment is important in bringing out 
optimum microstructure. The present article will 
similarly make a systematic review of the effects 
of composition on titanium alloys. 

In Fig. 3 of the previous article a curve was 
drawn showing the effect of cooling rate from 
the all-beta region on microstructure, hardness 
and brittleness, This diagram is now repeated 
as Fig. 1 with notations in color showing the 
effect of alloying. 

Unalloyed titanium, as noted at upper right 
will have a microstructure almost entirely alpha 
whether quenched (condition as shown on the 
curve under the x symbol) or air cooled (curve 
point directly under the circle symbol). Alloy 
content generally shifts conditions toward the 


left along the curve; for example, increasing 


*Long with Watertown Arsenal Laboratory; now 
with Jet Propulsion Laboratory, California Institute 
of Technology, Pasadena. 
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manganese content shifts the quenched and air 
cooled structures consistently to the left, a 12% 
Mn alloy producing soft beta when quenched 
and a moderately hard mixture of beta and 
omega when air cooled. 

However, various alloying elements have dif- 
Thus, the 


diagram show that a little vanadium and alumi- 


ferent potency. notations on the 
num have little if any effect on room-tempera- 
ture microstructure; also that 5 Fe and 4 Mn, 
+ Al have similar results — hard and brittle omega 
and beta if water quenched, fairly soft alpha and 
beta if air cooled. 

The positions of the alloy notations in color 
in Fig. 1 will be shifted to the right by isothermal 
transformation of beta and also by tempering 
When 


estimating the changes in properties with time 


after cooling from the beta condition 


of tempering or aging, as schematized by Fig. 
|, the starting point would be the hardness prior 
to tempering. For isothermal transformation, the 
starting point, essentially, would be the as- 
quenched position. 

Oxygen and carbon contamination will also 
shift the expected microstructure to the right 
of that indicated on the curve of Fig. 1. 


Thus, the various alloying elements (exclud- 
N, O, B, 


ing aluminum and the interstitials C 








hon of Alloy Ranges Will be Shifted to Right 


by Tempering, by Isothermal Transformation and by Oxygen 


ond Carbon Contamination, | 
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Increasing % ofa 


amount for percentages of differ 
ent alloying elements having the 
same effect upon rates of reac 
tion (hardenability). Thus, 10% 
of molybdenum increases the 
hardenability at least as much 
as 10% of 


effect is less on the start of 


chromium, but its 


martensite formation. This may 
lead to some differences in prop 
erties in the two alloys similarly 
heat treated. It has not been 
established 


' 
combina 


whether 
tions of various beta-stabilizing 
elements have different behavior 
from that of a single alloying 
element. Some alloying elements 
such as iron and chromium, may 
tend to precipitate as intermetal 


lic compounds with titanium 





Cooling Rate from Beta Range 
—— Alloy Content 


Fig. 1 


Hi) are generally similar, They dissolve preter 
entially in beta and stabilize it at the expense 
of alpha; that is to say, lower the temperature 
range of beta stability and the range of marten 
site formation. They strengthen the alloy, with 
a corresponding decrease in ductility and tough 
ness. They retard the rate of transformation of 
beta into beta plus omega into beta plus alpha 
1; that 
is, they increase hardenability. Alloying elements 


moving the material to the left on Fig 


also increase the density of titanium-base alloys 
since they have greater atomic weights. 

Although rather small amounts of iron and 
silicon as impurities have been reported to lower 
the toughness and ductility, iron in larger quan 
tities acts much the same as other alloying 
elements. There is reason to suspect that at least 
some of the observed differences in properties 
of various titanium alloys are actually due to 
interstitial impurities accidentally introduced 
with the intentional additions. 

The alpha and the beta transus lines and the 


Ms temperature may not be lowered the same 


Fig. 2 — Effect of Aluminum on Tensile Prop 
erties of Annealed Titanium (Ref. 1.) High 
purity 0.040-in. strip was rolled at 1560° F 
850° C.), held 35 hr. in vacuum at 


rolling temperature and furnace cooled 


Generalized Curve Showing Effect of Alloys 
as Noted in Color on Structure of Titanium Alloys 


during long-time service at elk 
vated temperatures, Therefore 
manganese, molybdenum, o1 
vanadium, which precipitate as 
intermetallic compounds slowly 
or not at all, may be preferred 
Vanadium is exceptional in being the only 
element known which reduces the height-bas¢ 
ratio (c/a ratio) of the hexagonal crystallo 
graphic cell. Since ductility and toughness in ti 
tanium lattices appear to be associated with low 


c/a ratios, it is possible that vanadium will offset 
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the embrittling effects of other clements on the 
alpha phase. 

Aluminum is the only element dissolving sub 
stitutionally in titanium which is known to stabi 
lize alpha rather than beta. There has been con 
siderable interest in titanium-aluminum alloys 
for this reason. Aluminum strengthens alpha as 
shown in Fig. 2, but above 6 or 7% the material 
becomes rather brittle and cannot be rolled by 
present techniques 


possibly because of the 


increase in c/a ratio. Aluminum seems to have 
little effect on the response of titanium alloys 
to heat treatment. It also lowers their density 

Oxygen and nitrogen, which dissolve intersti 
tially in titanium, are strong alpha stabilizers 
As shown in Fig. 3, they produce large increases 
in strength and large decreases in ductility and 
toughness, nitrogen having just about twice the 
effect of 


toughness are greater than those produced by 


oxygen. Decreases in ductility and 
substitutional alloying elements giving the same 
strength, so nitrogen and oxygen are generally 
undesirable in titanium. Oxygen markedly accel 
erates decomposition of beta and decreases 
hardenability, Nitrogen probably acts likewise 

Boron appears to be only very slightly soluble 
heat 
properties remain to be investigated 


Carbon 


in titanium; its effects on treatment and 
The titanium-carbon phase diagram 
is shown in Fig. 4. Carbon is generally undesir 
able, as it lowers ductility, toughness, and ease 
of fabrication, particularly weldability and ma 
chinability. 


Dissolved carbon 


strength 


raises 
more than when combined as TiC(8), but it also 
lowers toughness more. Thus, holding titanium 
carbon alloys just below the alpha transus (about 
1600° F. or 875°C.) 


gives especially strong and brittle material, be 


followed by quenching 


cause carbon solubility is high at that temper 
ature, and the dissolved carbon can be retained 
in solution on quenching 


Introduction of a 


beta-stabilizing alloying 


element slightly decreases the solubility of 


carbon in both alpha and beta, expands the 
alpha-beta field to lower temperatures, and may 
markedly lower the peritectoid temperature. 
Carbon accelerates the transformation of beta 
to alpha that is 
The 
alpha titanium is extremely low at room temper 
ature, about 0.002%. Titanium contains consider 
than this 


vacuum-treated 


decreases hardenability. 


Hydrogen solubility of hydrogen in 


ably more amount, unless specially 
Hydrogen-bearing alpha tita 
(320° C.) or 


5 precipitates titanium 


nium slowly cooled from 610° F 
higher, as shown in Fig 


METAL PROGRESS 


PAGE 106 


hydride which lowers toughness markedly 


but does not affect strength or ductility under 


slow loading. Quenching from above that tem 
but the 
hydride precipitates in a matter of weeks at 


perature retains toughness temporarily 


room temperature and the toughness of the aged 
alloy is lowered 

When both alpha and beta are present, hydro 
gen segregates strongly to beta. If the percentage 
of hydrogen in the beta is high enough, a typ 
of embrittlement similar to hydrogen embrittl 
ment in steel develops; ductility on slow loading 
disappears but impact toughness is not impaire d 
Frequently the embrittlement is not manifest 


testing at 


at ordinary speeds of tensile room 


temperature but appears when loading is very 


effects ot 


ith alloys 


slow or is sustained 


The opposite 

hydrogen on ductility and on toughnes 
containing alpha and beta respective lv have not 
heen explained, The hydride precipitate which 
embrittles alpha can be seen metallographically 
but the microscope has been of little value in 
identifying hydrogen embrittlement of the alpha 


beta alloys 


Fig. 3 Effect of Oxygen on 
ties of High-Purity Titanium 
1560° | 700 or 850° C 


Vechanical Proper 
Annealed at 1300 or 
Curve for nitro 


gen would be very close to the above if horizon 
tal ordinate were doubled —that is, 0.2% oxygen 
equals 0.1 nitrogen. Impact tests on %-size 


V-notch Charpy at 70° | Ref. 2, 3. 4 and 5 
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The effect of hydrogen on the rate of beta 


to alpha transformation (hardenability) is not 
yet known 


Selection of Heat Treatment and Composition 


When hardness is needed for an 
application, the problem is to arrive at the peak 
of the curve in Fig. 1. This could be attained by 
quenching a lean alloy from the beta range 
an alloy with just enough hardenability to per- 
mit reaching the peak. Rather close control of 
composition would then be necessary, and the 
maximum hardness would be reached only in 
thin sections, or at the surface of a thick section. 

Another method would be to use a richer alloy 
having enough hardenability so that it could be 
quenched from the beta range to a point at the 
left of the hardness peak and then temper it at 


maximum 
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Fig. 4— Portion of Titanium-Car 
bon Equilibrium Diagram (Ref. 6 


600 to 900" | 300 to 500° C.). By 
very high hardness would be obtained through 
out the Close control of composition 


would not be needed 


this means 


section 
variations in Composition 
could if necessary be compensated by adjusting 
the tempering temperature. The maximum hard 
ness reported in titanium-base alloys is 625 
Vickers (Ref. 8 
attained 


For very 


550 Vickers is more commonly 
Material at this level is quite brittle 

high ductility 
( 200,000 psi tensile strength, 5% elongation ), the 


strength with some 


choice ot composition can be on the same basis 
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Fig. 5 — Portion of Titanium-Hydro 


gen Equilibrium Diagram (Ref. 7 


The material should 
be rolled or otherwise worked in the alpha-beta 
range quenched, and tempered to the required 
strength (as shown on the right-hand side of the 
hardness peak ). The solution temperature should 


preferably be below the beta transus and as low 


as for maximum hardness 


as possible consistent with attaining the required 
strength. For short times the tempering temper 
atures would be in the range of 850 to 1050° F 
(450 to 550° C.) 

For moderate strength with good toughness 
(yield strength 110,000 psi tensile strength 
130,000 psi area WE, V-notch 
Charpy impact energy 20 ft-lb. at room temper 
ature), there should be enough hardenability to 


reduction of 


reach high hardness in quenching a small section 
but the hardenability need not be so high that 
soft beta would be retained, After working and 
solution treating in the alpha-beta range, good 
properties may be attained in several ways, such 
as cooling at moderate rates, isothermal trans 


formation at low temperatures, OF quenching 
and overaging 

For high toughness with some strength (65 
000 psi 50,000 psi tensile 
strength, 40 ft-lb. V-notch Charpy at room tem 
perature ), alloys of low hardenability should be 
used. Solution treating in the alpha beta region 
then 


though alloys of this type do not show much 


yield strength 


cooling 1S perhaps the best treatment 

response to heat treatment 

unalloyed titanium 

(40,000 psi vield 

tensile strength, 50 on ft-lb 
1)” ( Such hardly 


heat treatable, but cooling from just below the 


For maximum toughness 
should be used 
55,000 psi 


Charpy at 


strength 
more 
material is 


beta transus will give the best toughness 
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The choice of beta-stabilizing elements is a 
matter of convenience. The total amount of beta- 
stabilizing elements must be adjusted to provide 
the desired hardenability. Differences between 
elements are probably minor if impurities are 
kept out, except that for long-time service at 
elevated temperatures iron and chromium may 
be less desirable than other elements. 

Aluminum up to 6% appears useful for provid- 
ing strength with corresponding loss in ductility, 
but with little effect on heat treatment. Titanium 
alloyed with aluminum should be particularly 
valuable in those welding applications where 
minimum alteration in properties is desired at 
and alongside the joint. 

The interstitial elements (C, N, O, H) are 
undesirable except where hardness is the only 
pertinent requirement. If high ductility or tough- 
ness is needed, these impurities must be held 
to a minimum. 

Summary—The heat treatment of titanium al- 
loys, as indicated in last month’s Metal Progress, 
may be based upon a single curve relating hard- 
ness and brittleness with time of isothermal 
transformation, speed of quench, or time of tem- 
pering. Starting with metal in the beta phase, and 
holding at temperatures below the beta transus 
an alloy will harden to 450 to 500 Vickers and be 
come quite brittle as omega precipitates, After 
longer times at transformation temperature, the 
hardness will drop and toughness rise as beta 
plus omega changes to beta plus alpha. As shown 
in Fig. 1 of this article, the major effect of alloy- 


ing elements in 


titanium is to retard these 


changes, thus increasing hardenability. 





(except aluminum and the interstitials) stabilize 
beta and hardenability. Thus their 
effects are similar in kind, though different in 
degree. Alloying elements also add strength at 
the expense of ductility. Interstitial elements 
(carbon, nitrogen, oxygen, hydrogen) decrease 
ductility and toughne ss markedly. Aluminum 
strengthe ns titanium at the expense of ductility, 
with little effect on response to heat treatments. 

Maximum hardness (450 to 550 Vickers) in 
thin sections or at the surface of thick sections 
may be obtained by quenching from the beta 
range an alloy that reaches peak hardness under 
these 


increase 


circumstances. Better reproducibility in 
thin sections, and high hardness throughout a 
thick section, may be obtained by quenching an 
alloy richer in beta-stabilizing elements, and then 
tempering at 600 to 900° F. (300 to 500° ¢ 

For some ductility with very high ee 
strength (up to 200,000 psi.), the composition 
may be chosen similarly, the material worked in 
the alpha-beta range, quenched from this range 
and then tempered beyond peak hardness. 

For moderate strength with good toughness 
(tensile strength 130,000 psi., V-notch Charpy 
20 ft-lb. at room temperature ) a composition that 
would reach peak hardness on quenching may 
be used. It should be worked and solution treated 
in the alpha-beta range, then cooled at moderate 
rates, isothermally transformed, or quenched and 
tempered well beyond peak hardness. 

For maximum toughness, where only low 
strength is required, a composition of low hard- 
enability should be used. Solution treating in the 


alpha-beta range, then cooling, is probably the 


All of the alloying elements so far investigated best treatment. rs) 
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The production capacity of this 5,000 ton forming press, > 
installed in an aircraft plant, is so great it requires 25 
persons to load and unload the four tables. To pro- 
vide dense, sound and uniform structure in hydraulic 
press rams, Lake Erie specifies the component in 
nickel cast iron. 
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NICKEL CAST IRON 
for strength... toughness... tightness 
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TIGHTNESS, together with extra toughness and _s press operation absorbed by platen inserts or wear 
strength, in rams for Lake Erie’s powerful hy- _ plates of nickel-chromium steel. 


draulic presses. In many applications, alloys containing nickel 


Cast iron containing up to 1% percent nickel give optimum performanc e and prove lowest in 
provides this combination of properties in all Lake —_ ultimate cost. So, whenever you have a metal prob- 
Erie rams. lem, send us the details. We'll be glad to help you 


i ae , : with suggestions based on wide practical experience, 
Suitable additions of nickel to properly adjusted 


base mixtures provide castings with uniform, fine- 
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I id ickel j , aera hill | The International Nickel Company, Inc Ga | 
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Standard H-Steels. 4320-H to 1820-H 


43xx-H Series may contain 0.20-0.35 Si, 1.55-2.00 Ni, 0.20-0.30 Mo; C, Mn and Cr as shown 
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LUDLUM HURON high-carbon, high-chrome die steel was the material 
used in this motor lamination die. Here was the result when the 


die was run on a 45-ton Bliss press at 210 strokes a minute: 





i Initial run was 426,000 pieces 
2. Average run since has been 250,000 pieces 


El Although burr tolerance is .003”, grinding of punch and die 
between runs has not exceeded .008” 


LUDLUM HURON WAS SELECTED because of its known high resistance 


to wear, especially under heavy pressures, and its excellent non- 





Write for BLUE SHEET 
on HURON 


[his concise four-page 
folder gives all needed 
handling and shop treat- 
ment details on Huron 
Included is certified lab- 


deforming qualities. Because Huron is an oil-hardening steel and 








hardens uniformly to a great depth, a consistent production rate 
after each grind was assured. 

There's an A-L Tool Steel that will help solve your cutting, form- 
ing or blanking problem. Call our nearest office or distributor today, 
or write Allegheny Ludlum Steel Corporation, Oliver Bldg., Pittsburgh 
22, Pennsylvania. 


oratory information on 
physical characteristics, 
and complete data on 
forging, annealing, hard 
ening, tempering, etc. 
Ask for your copy 


Address Dept. MP-63 For com plete MODERN Tooling, call 


Allegheny Ludlum (sz 
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Exclusive with the 
Bausch & Lomb 
BALPHOT 
Metallograph 


Only Bausch & Lomb gives you the Magna- 
Viewer projector screen—high-contrast 
images for easier study at selected magnifications. 


¢ Comfortably located in the operator's natural 
line of vision; convenient for group viewing, 
for consultation. 


© Ends visual fatigue in extended examinations, structure 
study, grain size determinations and dirt counts. 


© Uniform image brightness, center to edge; 
easy to see in full room illumination. 


A flick of a switch instantly shifts image to microscope or 5x7 camera 
(25 to 2000 X magnification). You remain comfortably seated, 
fatigue-free. And ,.. the Magna-Viewer is just one of the many B&L 
advantages that make it easier for you to do your best work. 










SEE FOR YOURSELF IN AN ACTUAL DEMONSTRATION! 


Write for obligation-free demonstration and for 
informative Catalog E-232. Bausch & Lomb Optical 
Co., 63839°St. Paul St., Rochester 2, N. Y. 


AMERICA S ONLY 
FROM GLASS T FINISHED PROO T 





OMPLET 
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Stress-Corrosion of 


Stainless Steels 


By J. J. HEGERs 


Studies of service failures and laboratory investigations have developed 


a better understanding of stress-corrosion. Some suggestions 


for preventing or minimizing it are offered, but a complete explanation 


of the mechanism of stress-corrosion cracking must await 


—_ 
rAINLESS STEELS as defined by the 
American lron and Steel Institute 


allovs of iron and chromium, and of iron 


include the 


chromium and nickel, that contain more than 5% 
chromium and at least 50% iron. Their “stainless 
ness” or corrosion resistance derives largely from 
the element chromium. Chromium increases the 
resistance of steel to corrosion in air as well as 
in other environments such as nitric acid 

Three theories have been advanced to explain 


why chromium imparts stainlessness or passivity 


more fundamental information. 


to steel: (a) the oxide film barrier theory, (1) the 
physic ally adsorbed gas theory 
Fontana and Beck't, and (« 
Uhlig 


chemi-adsorption of oxygen 


advanced by 
the electron config 
uration theory of which involves the 

Fortunately, thes 
three theories have enough in common to periut 
a simplified concept of passivity — at least fon 


the time being 


* Chief Research Engineer, Stainless Steel, U.S 
Steel Corp Pittsburgh 


tReferences listed on P 116 
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Fig. 1 —Stress-Corroded Surface of an 
18-8 Pasteurizing Tank Exposed to Brine 





Each theory states that passivity is confined to 
the surface of the metal and that at the surface, 


some combination of 


oxygen and chromium 


occurs. The theories differ in respect to the 
nature or form of this combination. One postu- 
lates that the oxygen is present as a physically 
adsorbed layer; the other, as a chemi-adsorbed 
layer; and the third, as the 


chromium oxide. For this discussion, the layer 


compound 


will be called a protective surface film involving 
oxygen and chromium, and thus no consideration 
need be given to its exact nature. 
~ Corrosion encountered in the use of the stain 
less steels may be classified into four types: 

General corrosion, involving complete break 
down of the protective film. The cause may be 
either lack of sufficient chromium in the steel or 
destruction of the protective film by an environ- 
ment such as boiling 50% sulphuric acid. 

Intergranular corrosion, caused by a_ break 
down of the protective film at the grain bound- 
aries. It is believed that the grain-boundary 
layers become depleted in chromium because it 
becomes tied up in the grain boundaries as 
chromium carbide particles. 

Pitting resulting from localized 
breakdown of the protective film. The environ 


corrosion, 


ments that cause pitting are “borderline” — if 
they were more active they would cause general 
corrosion, if less active, no corrosion. 

Stress-corrosion, also resulting from a localized 
breakdown of the protective film. Corrosive 
attack is accelerated by stresses and cracking 
results, This type of corrosion will be discussed 
in this review. 
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Stress-Corrosion Service Failures 


In comparison with other types of corrosion 
stress-corrosion of stainless steel is a new subject 
Its newness may be attributed not to the absence 
of stress-corrosion in the early uses of stainless 
steel, but rather that many early investigators 
did not recognize it. Since 1939 several service 
failures have been reported. Some of the corrod 
ing environments in which these failures were 


reported are listed below: 


Sulphite liquor 
Ethyl chloride 
Steam at 950° F. 
City water Inhibited calcium chloridk 
Humid air at 185° F, Sulphurous acid 

Dye liquor 


Crude petroleum 
Marine atmosphere 
Orange juice 


Sulphuric acid 


Brine Boiling sodium hydroxid« 


The failure of stainless steel in sulphite liquor 
described by Hoyt and Scheil*, one of the first 
reported, occurred in a 25% Cr, 11% Ni alloy 
which was fabricated into the main-way neck of 
a pulp digester. Metallographic examination dis- 
closed the crack to be intergranular and also 
revealed the presence of an intergranular carbide 
precipitation. Moreover, a laboratory test showed 
the material to be susceptible to intergranular 
corrosion, which indicated that it had been heat 
treated improperly for the intended service. 

The failure in ethyl chloride plus wate: 
occurred in 18-8 and 18-8 Mo thermocouple pro 
tection tubes of welded construction. The cracks 
were transgranular. In steam at 950° F. inte: 
granular cracking occurred in 18-8 superheate: 





tubes. Both of these failures were reported by 
Hodge and Miller* 

The next three environments listed above were 
described by Ellis®. The failure in city water 
occurred in two 18-8 coffee pots, of cold formed 
and welded construction; cracking was trans 
granular. Transgranular cracking also was 
observed in the failure of 18-8 in humid air at 
185° F.; this was in a liner for a wool-condition 
ing unit of welded construction. In neither 
instance was the cracking associated with thé 
heat-affected zone of the weld. The failure in 
dye liquor occurred in 18-8 that was cold formed 
and welded. Again, cracking was transgranular 

Rees' reported stress-corrosion cracking of cold 
drawn 18-8 wire used as a filter in a pipeline 
carrying crude oil, and gave laboratory evidence 
to support his belief that the corroding agent 
was hydrogen sulphide dissolved in the oil 

Although the reason is not completely unde: 
stood, stress-corrosion in stainless steels appears 
to be confined largely to the austenitic alloys 
Indeed, few service failures of the ferritic alloys 
have been reported in the literature; and Scheil’ 
says that they are practically immune. On the 
other hand, Ffield* tested various modifications 
of the 12 to 16% Cr steels and found that, without 
exception, these steels could be made to stress 
crack. Later, Uhlig® described failure by cracking 
of the ferritic steels as probably caused by 
hydrogen embrittlement. Perhaps one reason for 
the lack of reported service failures of the ferritic 
alloys is that they were explained by other mech 


anisms such as fatigue or quench cracking 


Fig. 2—Brine Side of Jacketed 
Milk Tank Showing Transgranular 
Stress-Corrosion Cracking Through 
Areas Containing Intergranular Car 


bides. Sodium cyanide etch, 100» 


The next group of service tailures to be 
described and illustrated were investigated in the 
laboratories of U.S. Steel Corp. over a six-yeai 
period Because of the widespread belief that 
chlorides or halides must be present before stress 
corrosion cracking will occur in stainless steels 
the environments in which they occurred are 
classified as: (a) environments definitely con 
taining chlorides or halides; (b) environments 
inh which the presence ot chlorides ol halides was 
suspected; (¢ environments containing no 
chlorides or halides 

Environments Containing Chlorides — The 
failure illustrated in Fig. 1 occurred in a jacketed 
pasteurizing tank, with inner shell constructed of 
cold formed and welded 18-8, and outer shell of 
carbon steel, One surface of the 18-8 was exposed 
to milk and the other to brine. After ten years 
service the stainless steel failed by cracking 

No corrosion had occurred on the milk side of 
the stainless but pitting occurred on the brin 
side. The cracking, which was well removed from 
the heat-affected zone of the weld, was trans 
granular, typical of a stress-corrosion failure 
Another jacketed milk tank of welded construc 
with the addi 
tional interesting feature shown in Fig. 2 that 
although there was evidence of intergranula 
carbide precipitation, the cracking that occurred 


was transgranular 


tion failed in a similar manner 


Another example was a steam jacketed evapo 


ration dish constructed of cold formed and 


welded 18-8 Mo, used to evaporate a slightly 


alkaline solution ot cal lum chloride from acon 





s %, 
, . 
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Vig. 3 — Transgranular Cracks and Strain Lines 
in 18-8 Mo Evaporation Dish Used With Cal 
cium Chloride Solution, Oxalic acid etch, 50> 


INNER SURFACE 


REPAIR WELOS 


The inner liner of a cold formed and welded 
18-8 coffee urn exposed to city water at tempera 
tures not exceeding 212° F., failed by transgranu 


lar cracking. even in those locations which 


showed intergranular carbide precipitation at a 
higher magnification 

Environments in Which Chlorides Were Sus- 
pected —In the next five failures to be consid 
ered the exact natures of the environments were 
not known but they were suspected to contain 
chlorides or halides 
18-8 welded tank cracked 
and the cracking propagated from the weld metal 
into the 


carbide precipitation had occurred, the cracking 


In this category an 


parent metal. Although intergranular 









INTERGRANULAR 
CARBIOES 






4 ' g Sketcl S Co 
ae C lig. 4 etch of Stress 1 


rosion Cracking in ‘%-In 


‘ 
{ 
TNTERGRANULAR 7 Thick Welded Section of 18-8 


CARBIDES 





OUTER SURFACE 


centration of 25% to 50%, During evaporation, the 
from 122 to 302° F 
weld 60 davs after 


installation of the dishes (Fig. 3). Examination 


temperature increased 


Cracking occurred near the 


revealed that pitting had occurred, the cracking 
was transgranular and the grains exhibited strain 
Probably the 


residual stresses 


lines strain lines resulted from 
originating during fabrication 
although the thermal cycle 


employed during 


operation may have exaggerated their effect 
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was transgranular. A surface leach of this sample 
lise losed the presence ol chlorides 

Figure 4 is a sketch of stress-corrosion cracking 
tank fabricated 


‘ racking oce urred ith 


in a horizontal milk-storage 
k-in. IS-S 


a weld which had been repaired and in the 


as shown, the 


parent metal near the weld deposit. Where car 
bide precipitation had occurred, the cracking 
was intergranular; where there was no carbide 
precipitation it was transgranular 

Figure 5 illustrates pitting and 
cracking near a threaded ferrul 
welded to a cold bent 18-8 stain 
less tube. This tube was used to 
Cracking 


inside of the 


convey orange juice 
originated on the 
tube, and was transgranular 
Textile dyes provided the en 
vironment for the next failure 
formed and 
welded 18-8 that served as a reel 


a drum of cold 


over which wet fabric moved; it 
was above the dye vat and 
posed to dye vapors as well 
solution Composition of the 
solution was not known except 


that it contained a little sul 


Fig. 5 Pitting and Cracking 
Near a Threaded Ferrule Wel d 
ed fe a ( old Be nt 18 S Tube 











phuric acid. The cracking was transgranular and 
was outside the weld areas. The failure occurred 
atter one yeal of service 

Figure 6 illustrates stress-corrosion cracking 
after three months’ service in a cold formed and 
spot welded 18-8 compressor rotor (described in 
more detail by Davis'’). The cracks were trans 
granular and transverse to the residual tensik 
stress caused by the spot welds ( Fig. 7) 

Environments Containing no Chlorides — The 
next two failures to be described occurred in 
environments that are believed to have contained 
ho chlorides 

One occurred in a cold formed 18-8 Ch bel- 
lows-type expansion joint. Composition of the gas 
carried through the inner sleeve of this joint was 
0.1% carbon dioxide, 0.7% hydrocarbons, 0.4% 
carbon dioxide, 0.3% oxygen, 5 to 6% hydrogen 


and balance nitrogen. The gas was under 100 psi 

















Fig. 6—Configuration of Stress-Corrosion 
Cracks Around Rivet Holes and Spot 
Welds Approximately one-fourth size 


Fig. 7 — Enlarged View of Circum 
ferential Cracking Around Spot 
Weld of Rotor Shown in Fig. 6. 6» 





pressure and at a 
100" F 


wall occurred in less than 60 days 


HAN temperature of 


\ 


lransgranular failure through a %-in 
Pitting was 
observed on the inside of the joint near the 
cracks, Pitting and perforation, but no cracking 


Probably 


between the sleeve and the joint and some of the 


vas leaked in 


hn 


occurred in the sleeve 


impurities in the gas condensed. The condensat 
evidently contained either H.SO, or H.SO, be 
cause a residue scraped from the joint contained 
Neither 
As illustrated by Fig. 8 the cracking was 


sulphur chlorides nor halides were 
found 
transgranular and at least some grew from a pit 

Figure 9 is a sample of %-in. thick stainless 
steel Type 509 (25-12) which was removed from 
a welded kettle. This kettle, which was used to 
failed 


welds and around stress 


hold molten sodium hydroxide at 700° F 
by cracking near the 
raisers. The cracks were transgranular, even in 
those areas containing in 
tergranular carbide precip 
itation (Fig. 10). No other 
attack, such as pitting, was 


obsery ed 
Laboratory Investigations 


Laboratory investigations 
on stress-corrosion of stain 
less steel have been di 
rected at studying the en 


vironments involved and 


MARCH 1955 


PAGE 115 











5 

5 
the stresses needed to 
cause cracking Knviron 


ments which caused crack 
ing in laboratory tests are 
Ammonium chloride 
Calcium chloride 
Cobalt chloride 
Lithium chloride 
Magnesium chloride 
Mercuric chloride 
Sodium chloride 


Fig. 8 — Transgranular Cracks in Stainless 
Steel Expansion Joint Appear to Propa 
vate From a Pit on the Inside Surface 
No chloride 


present in environment 


Fig. 9 Sample of %-In. Plate Removed From 
a Defective 25-12 Cr-Ni Kettle. Note crack 
ing near we ld and around tape red holes 
at upper edge. Drill hole on surface was 
to provide drillings for chemical analysi 











Zine chloride 

Moist hydrogen sulphide 
With one exception all of the solutions were 
chlorides and the belief therefore arose that 
chloride-containing environments were the only 
culprits. The cracking in moist hydrogen sul 
phide reported by Rees® in cold drawn 18-8 and 


hardened 124 Cr steel wire 


certainly refutes 


this idea 

All investigators agree that tensile stresses are 
necessary to cause cracking. Franks, Binder, and 
Brown"! report a “limiting” or “threshold” stress 
which must be exceeded before cracking may 


occur, as illustrated in Fig. 11 


It will be noted 
that the stress-time curve for stress-corrosion 
cracking resembles the S-N curve for fatigue, and 
that the “limiting” or “threshold” stress varies 
with the prior treatment of the metal. Undoubt 


edly, this stress also varies with environment. 


Prevention of Stress-Corrosion 


Inasmuch as stress-corrosion is caused by the 
simultaneous action of both stress and corrosion 
a reduction in the intensity of either factor should 
reduce, if not entirely prevent such failures. In 
addition, selection of the proper alloy for the 
environment may minimize — stress-corrosion 
cracking 

Stresses originating during service may be 
modified by changes in the design and operation 
of equipment, For example, the causes of 
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mechanical vibration might be eliminated o1 
modified or suitable expansion joints used to 
minimize the effects of thermal fluctuation 
Residual stresses seem to cause a majority of 
result from 


the stress-corrosion failures. They 


cold forming and welding during fabrication 


Fig. 10 — Transgranular Crack Through 
Area Adjacent to Weld in Sample Shown 
in Fig. 9. Note intergranular carbide pre 

cipitation. Sodium cyanide etch, 100» 
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be removed by stress-relieving heat 


and 


may 
treatments. Certainly, stress-relieving after cold 
forming and welding is desirable. 

Inasmuch as the loads causing the damage 
induce tensile stresses, Krivobok'* has suggested 
that the surfaces of the metal be compressed by 
shot-peening. Certainly, this is a worth-while 
suggestion. 

The effect ot the corroding environment may 
the by 
cathodic protection. 


be modified by use of inhibitors or by 
Inhibitors such as chro- 
mates and phosphates minimize the localized 
type of attack. For example, in the pasteurizing 
tank illustrated in Fig. 1 a chromate inhibitor 
was used; although stress-corrosion did occur, the 
service life of the metal was ten years. Without 
an inhibitor failure might have occurred much 
soonel 

Cathodic protection of stainless against stress 
corrosion was suggested by Mears, Brown, and 
Dix'*. Their findings are summarized in Table | 
which lists the metals which, when connected 
electrically with stainless steel, prevent it from 
cracking in a sodium chloride solution. Many of 
the jac keted vessels described above are exam 
ples of stainless steel connected to carbon steel 
and in all of these vessels cracking did not occu 
before seven to ten years of service, Perhaps the 
reason that cracking occurred at all was that 
corrosion products accumulated on the carbon 
steel, thus lowering the difference in electrical 


potential between the two steels and thereby 


decreasing the intensity of 
the cathodic protection. 
Since stress-corrosion§ re Fig. 11 


sults in a localized breakdown 
of the protective film, selec- 





Table 1 — Effect of Contact With Dissimilar Metals 
on Stress-Corrosion of 18-8 Stainless Steel* 
ConractinGe Merat POTENTIAL lime in Test 

Dir PeRENCI 

Zim U.92 a 
Aluminum 0.76 ; 
Cadmium 0.69 a 
Mild steel 0.53 a 
Lead 0.49 a 
5 Cr steel 0.39 a 
13 Cr steel O21 1 
Copper O10 

( upronK kel 0 Cu O04 15 das / 

10 Ni 

8-8 stainless stee 0.00 10 (4 
Nickel LO0.0) lO vs 
Platinum L099 tf 











*Solution used was 100 g. per liter NaCl+9 
liter H»O,. The 


with little evidence of surface attack 


4 
was undermining corrosion 


per 
attack 
Cracks developed 
in the stressed specimens at regions where this highly, 
localized attack was severe 

(a) No visible cracks in 55 days 


4) Time to first visible crack 


the carbon or the use of the low-carbon (0.03% 
C max.) stainless steels should prevent this type 


of cracking. 
Summary 


The service experiences and laboratory investi 
gations just described permit some generalization 
about the conditions under which stress-corrosion 


cracking will occur in stainless steel 


Results of Stress-Corrosion Tests on 17-7 and 18-8 


Stainless in Boiling 24% Solution of MgCl, 
of 17-7 was 28,000 psi. annealed, and 157,000 psi. cold 
rolled; of 18-8, 26,000 psi. annealed, and 125,000 psi. cold 


Yield strength 























of stress-corrosion cracking is 
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tion of the proper stainless rolled. (According to Franks, Binder and Brown, Ref. 11) 
alloy to resist localized break- 200 
down may be one remedy. | | | aaa r TTT) OT eal 
For example, many corroding | | ail al il 
environments that attack 18-8 att | | 1 Puddl il 
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associated with the intergran- 
ular precipitation of chro- 


mium carbides, additions of 


| 





—t- /8-8, Annealed 
-- &-- (8-8, Cold Rolled it 


| | itl i 








| Ul 
ddd | oe 


} Lill 








or titanium in 


amounts sufficient to stabilize 
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Obviously, the metal has to be simultaneously 
subjected to stresses and exposed to a corroding 
environment. Tensile stresses are needed, and 
these may be either applied or residual. Residual 
stresses appear to have caused most of the stress- 
corrosion failures encountered during service. 
Indeed, in practically every failure discussed, the 
stainless steel was in the cold formed and welded 
condition, and thus subjected to severe residual 
stresses. Therefore, the observation made by 
Dix'* that no stress-corrosion cracking in alumi- 
num alloys is caused by operational stresses 
alone, also applies to the stainless steels. The ex- 
ception to this is the intergranular failure as- 
sociated with poor structural condition of the 
metal. Applied stress, either static or the dynamic 
stresses resulting from thermal or mechanical 
fuctuations, may intensify residual stress. 

Recently Edelenau'® suggested that the trans- 
granular stress-corrosion cracking in austenitic 
stainless steels is due to preferential attack on 
small quantities of quasi-martensite, which form 
in the steel during straining. However, evidence 
of stress-corrosion in Types 309 ard 310 stainless 
steels which show no tendency to form quasi- 


martensite suggests that this phenomenon alone 
is not responsible. 

Generally, stress-corrosion of stainless steels 
is believed to occur only in environments con- 
taining chlorides. This belief has some support, 
inasmuch as practically every environment in 
which cracking has occurred has contained at 
least a trace of chlorides. Nevertheless, failures 
have been reported in molten sodium hydroxide, 
sulphuric acid, and moist hydrogen sulphide, 
which contained no chlorides. Undoubtedly, 
these environments also cause a localized break- 
down in the protective film similar to that caused 
by the chloride environments. 

Briefly, stress-corrosion cracking can occur in 
stainless steel when it is subject to a sufficiently 
high stress and simultaneously exposed to an 
cnvironment whose nature causes localized 
uttack. Stress-corrosion has not been observed 
in those environments which cause rapid general 
attack. Therefore, like pitting and intergranular 
corrosion, stress-corrosion appears to be associ- 
ated with a localized breakdown of the protective 
film, and this breakdown is accelerated by 
applied or residual stresses =} 
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Here's a New, Easy Way to 


NEW ... 

ELEcTROMET ferrovanadium now comes packed in 
bags. This makes it easy to charge to the furnace or 
add to the ladle. 


NO WEIGHING... 
Each bag holds exactly 25 lb. of contained vanadium 
Just count the bags. Weighing is not necessary. 


EASY TO IDENTIFY .. 

Bags have wide blue bands for positive identifica- 
tion. Dirt is kept out and there is no chance of mixing 
with other alloys 


LOWER HANDLING COSTS... 

You can get bags packed on pallets if you prefer 
Pallets are easy to handle by lift truck or crane — and 
they need not be returned. 


HIGH-QUALITY ALLOYS... 

Evecrromet ferrovanadium is uniform in analysis, 
closely graded, correctly sized, and physically clean 
There are four grades high-speed, special, open 
hearth, and foundry 


IMMEDIATE DELIVERY ... 

Write, wire, or phone for more information about 
how E.ectromet’s bagged vanadium can cut your costs 
Offices in principal steelmaking centers 


The term “Electromet” is a registered trade-mark of Union 


Carbide and Carbon Corporation 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street (Jaa New York 17, N. Y 
4 


In Canada: Electro Metallurgical Company, Division of 


Union Carbide Canada Limited, Welland, Ontario 
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Rebuttal 
By W. S. PELLINI* 


M.,. LIEDHOLM’s interest in the report of 


this investigation and the excellent digest of 
the report he has prepared for Metal Progress 
are appreciated, However, exception is taken 
to certain concluding remarks pertaining to the 
significance of the investigation and to a broad 
generalization regarding the philosophy of re 
search workers in report preparation. 

Mr. Liedholm states, “It is difficult to accept 
the thought that these ingenious experiments 
would have resulted only in the essentially nega- 
tive conclusions reported by the authors.” To the 
contrary, the results were quite positive and 
already have resulted in considerable savings 
to the U.S. Navy and indirectly to the tax 
payers. The investigations were aimed at resolv- 
ing the need for expensive preheat operations 
in welding of high-pressure steam lines. Prior 
to this research it was customary to apply preheat 
of 600° F, to the chromium-molybdenum steam 
piping to be welded and to hold the preheat 
until stress-relieving operations could be per- 
formed, This was an expensive operation, in the 
maze of piping characteristic of shipboard sys- 
tems; also, it was difficult for welders to operate 
efficiently and still produce high-quality welds 
under such conditions of excessive temperatures. 
Sometimes the use of preheat was dictated by 
restraint conditions; that is, factors which the 
welding engineers could evaluate. However, most 
of the time the use of high preheats was based 
on what our welding engineers choose to describe 
as an area of “metallurgical witchcraft”, denoting 
that in the absence of applicable metallurgical 
data, guess work and expensive “better be safe” 
attitudes must prevail. 

The report is positive in placing the welding 
engineer at ease insofar as metallurgy is con- 
cerned, Simply stated, preheats as high as 600° F. 

*Superintendent, Metallurgy Div., Naval Research 
Laboratory, Washington, D.C. 
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To Preheat or Not 





do not affect the nature of transformations. So, 
henceforth, no money will be spent by the 
U.S. Navy on preheats except when they are 
needed for relieving restraint conditions (non 
metallurgical reasons ). Moreover, no money will 
be spent to hold preheats until postheat treat 
ments may be applied. The message to the weld 
ing engineer is quite clear and positive. The 
research job accomplished its purpose and _ its 
cost to the Navy was repaid many times over, 
This 
seems to be a good test for the evaluation of 
any applied research program. 


even before the final report was issued 


The second question raised by Mr. Liedholm 
applies to the philosophy of research reports 
He states, “A description of the practical equip- 
ment and procedures used in welding pipe joints 
would have enabled an interested reader to 
speculate over the possibility of putting the 
findings to more productive use”, and, “As often 
seems to happen in our contemporary industrial 
research, the planning, design and execution of 
experiments appear to have received the greater 
share of the than 
the analysis and interpretation of the results 
obtained.” 


author's time and efforts 


Any discussion of the merits of this conclusion 
must hinge on what is meant by “interpretation” 
A clear-cut metallurgical interpretation was given 
in the report. It seems that this is not considered 
sufficient inasmuch as a description of practical 
equipment and welding procedures, based on 
the findings of the investigation, was not pro 
vided, Therefore, the real question that is raised 
pertains to the duties of metallurgists in instances 
such as this. Is it the province of metallurgists 
to dissertate on practical equipment and proce- 
dures for welding pipe? We are of the opinion 
that it is as unrealistic to expect the metallurgist 
to delve into this area of specialization as it is 


(Continued on p. 122) 














In his review “Transformation During Welding” + 





(Metal Progress for August 1954, p. 162), Mr. Liedholm stated that 

the conclusion the authors present in their report was “essentially negative”. 
This and two comments made by the reviewer brought a rebuttal 

from one of the authors of the report. So, the rebuttal 

and Mr. Liedholm’s rejoinder to it are presented herewith. 


M., Peviint has taken exception to some 


of the concluding remarks in my review of his 
report. If I have understood Mr. Pellini correctly, 
the statements to which he referred can be 
summarized briefly as follows: 


1. The conclusions of Mr. Pellini’s excellent 
report were essentially negative. 
» 


It would have been valuable to an inter 
ested reader to have a description of the equip- 
ment and procedures used and their evaluation 
on the basis of the findings of the investigation 

3. Contemporary industrial research often de- 
votes proportionally too little time to the inter- 
pretation of expe rimental results. 

I am grateful to Mr. Pellini and to the Editor 
of Metal Progress for the opportunity of pre- 
senting in somewhat greater detail the reasons 
for my remarks. 

rhe title of the paper, “Transformation of 
Cr-Mo Steels During Welding; Cooling Trans- 
formations of Two Chromium-Molybdenum 
Steels Under Welding Conditions Including Pre 
heat’, seemed to indicate a broader scope than 
whether to preheat or not to preheat particular 
types of welds at 600° F 
with the tith 


possibilities of developing new and improved 


The data, in keeping 
seemed to present challenging 


methods of postheating welds or modifying their 
cooling cycles to insure them against cracking. 
(n average reader could not be expec ted to sense 
that the conclusions were restricted by the diffi 
To him, 
the conclusions derived from all the available 


culties involved in shipboard welding 


information tend to suggest the mouse born of 
the mountain, from the standpoint of welding 
technique if not from the standpoint of the 
savings in direct production costs. 

I called the conclusions negative because they 
are a license to eliminate an established pre 
caution (600° F 
the better 


preheat) instead of providing 


substitute that was anticipated 


Rejoinder 
By C. A. LIEDHOLM* 


Granted that with steel of so low a carbon con- 
tent it may have been safe to dispense with 
preheating, why was the remark injected that 
“This should not be interpreted to mean that 
preheats of 600° F. or less are 


tainly under high restraint conditions preheat 


not useful: cer 


quite frequently will eliminate cracking of root 
passes.” Many readers are likely to disregard or 
overlook this statement esper ially those who 
consider preheating as being justified not on 
“applicable metallurgical data” but on “metal 
lurgical witchcraft”. This is the group whose 
main interest is speed of production and sim 
plicity of operation. Many members of this group 
will be likely to use Mi 


argument against the continued use of preheat 


Pellini’s article as an 


practice or against its introduction, making it 
harder for metallurgists elsewhere to convince 
the skeptics 

The second statement was not meant to launch 
any discussion about the philosophy of research 
Inasmuch 


reports as I sensed that practical 


difficulties may have prevented a more con 
structive use of the data so as to satisfy require 
ments for safety and quality and I suspected 
that some information might have been withheld 
for policy reasons, I believed that the descrip 
tion which was omitted might have resolved 
some of the disappointment in the conclusions 
of the magnificent investigation 

Mr. Pellini discussed the philosophy of re 
search reports and related it to the question 
whether it be “the province of metallurgists to 
dissertate on practical equipment and procedures 
for welding pipe” 

| am all for development of basic knowledge 

*Senior Engineer, Atomic Power Div 
house Electric Corp., Pittsburgh 

{Digest of “Transformation of Cr-Mo Steels Dur 
ing Welding”, by W. R. Apblett, R. P Dunphy and 
W. S. Pellini, Welding Journal, January 1954, Vol 
33, p. 575-645 


Westing 
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Preheat—Rejoinder 


and believe that my personal record 
proves it, but my practical experi- 
ence has established the firm convi« 
tion that the metallurgist 
province is limited by what he can 


whose 


observe in the microscope or demon 


intimate contact with important 


realities the knowledge of which 
would help him increase the prac 
tical value of his work; and that he 
relinquishes responsibilities that, 
eventually, he would be best 
equipped to fill. I do not believe that 


any other engineering background 


the same extent as the metallurgical 
Therefore, the 
lurgist should actively follow through 
his recommended 


background. metal 
applications of 
nature’s metallurgical laws to indus 
trial processes, thereby also subject- 
ing his theoretical approa h to the 
broadening influence of contact with 


obstacles 


develops such appreciation of the practical Metallurgical 


strate theory must be coordinated with in 


through laboratory experi importance of detail, or the insight 


ments, or considers his duties to end and intuition concerning the in 


dustrial metallurgical practice and 
with the delivery of a report to a 


visible processes occurring im the the 


metallurgist should be an a¢ 


“customer”, deprives himself of the metal during heating or cooling, to tively interested member of the team 


of coordinators, the better to serve 





the broad objectives of his work 























Specialization tends to narrow a 





See it work! man’s horizon and is justifiable main 
Western Tool Show ly because time is too short 

and My third statement is more than 

Western Metal Show a critical remark; it is an 








appe il to 





those who are in a position to do 
something about it to enc ourage and 
promote the analytical part of indus 


trial laboratory work. It is justified 





on the basis of my personal experi 


ence and observations. As a rule, the 


co\or- 


Brinell Hardness Tester 


®@ Automatically signals relative hardness. 
® Speeds up testing cycle with greater 
economy, yet assured accuracy. 


3 colored lights immediately tell you: 


pressure of assignments flowing into 
\ an industrial laboratory, some of 
which may even be undertaken for 
psychological rather than technical 
reasons, and the demand tor quick 
answers or maximum speed interfe 
with — or even preclude — the tho 
ough analysis which becomes most 
profitable in the end 


TOO HARD yellow  — For example, some vears ago I was 
WITHIN RANGE — green a scene in being able to derive 
TOO SOFT red & rom some tests a considerable vol 


ume of excellent data on continuous 
cooling transformation. My daily 
duties and those of my 


The right color flashes avtomatically during each test 

Here is the machine that decides for you which 
pieces ore of proper hardness. Ranges are adjust- 
able, easily set up by using pieces of known hard- 
ness of test bars. Color-Glance Brinell Hardness 
Tester is another Steel City first. For more than 40 
years Steel City hos designed and built better 
machines, with your particular application in mind. 


issociates 
prevented us from doing more with 
this data than to obtain the funda 
mental information we 
heat treat 


needed to 
propeller blades. Late: 
experiments of the same kind were 
made by Krainer and Kroneis of the 
University of Leoben, Austria. Their 
painstaking analysis of data no bet 
ter than ours enabled them to de 


termine rates of nucleation, incuba 


Ideal for automation. 


The electrical circuits which operate the color 
signals con be used to physically sort parts after 


Patent 
testing. 


Pending 


Stee! City has quolified ( + 
soles representatives in 
major metal-working areas for 
ty convenience rite today 
lor name of neorest representa 
tive, and detailed information 
~~ on complete line. 


Vf 


tion times and rates of growth for 
different cooling conditions, thereby 
giving them a deeper and far more 
revealing insight into the mechan 
isms of continuous cooling trans 
formation than we could obtain from 
our brief analysis of the data 


a 














. My “final . 
n y “final generalization” is ce: 
Oo, t “ ad * tainly no accusation of negligence 
. J ty Brinell Hardness Ductulity Tensile Compression but I cannot agree that spectacula: 
(Fa “tt, hy) \ a *) P Z growth is proof of perfection. It is 
if 1//); ( N to the better interest of industrial r 
ting lachintes “a t * % y, : () * akin search to examine itself for short 
Transverse ydrostatic ‘oving Instruments x 








8811 Lynden Ave. Detroit 38, Mich. 


. and Special Testing Machines. comings 


C. A. LiepHOoLM 
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e elticiency 


The tubes will help you get 
more production from your furnaces because: 
(1) Their light-wall construction saves both 
furnace time and fuel. (2) Their uniform wall 
thickness and smooth interiors promote 
uniform flow of gas. (3) Their dense walls 
all but eliminate the problems of 
porosity, carbon build-up and consequent 
burning-out. And, being 33 to 50% 
lighter than cast tubes, PSC fabricated 
alloy tubes cut initial cost and are easier to 
handle. A feature of PSC radiant tubes 


are their return bends, which are fabricated 


Parabolic Tubes Now Made by PSC to give uniform wall thickness throughout. 


Tubes in any design 
to Your Order PSC now furnishes all types of 
radiant tubes, including para- 













or dimension. Write 


, os , to your needs 
bolics. The tubes are precision-assembled in the most com- & y 


plicated designs, in any desired wall thickness, and for any 
temperature requirements. Send 
In addition to such furnace parts as internal and external 
tubing, retorts and covers, PSC manufactures annealing 


and carburizing boxes, baskets, trays, fixtures, etc., for 





every heat-treating purpose, and in any size and design. 





THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
* t% w* OFFICES IN PRINCIPAL CITIES 
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well illustrated by the report being 


Preheat—Rebuttal . . . 


discussed. This philosophy is to 
search for the answer through stud 
to expect the welding engineer to ies basic 


aimed at establishing 


resolve questions of metallurgical knowledge. In keeping with this 
nature. The welding engineers as 
“customers” of this 
expected a broad and basic metal 
lurgical answer to a metallurgical 
problem, which they in turn could 
translate to practice. Such transla- 
tions are usually not simple and 


must take into account economic 


philosophy, the approach to the 
investigation preheat problem was by determin 
ing continuous cooling transforma- 
tions rather than by conducting 
large-scale welding trials using dif 
ferent welding procedures, thick 
nesses ot pipe, preheats, and elec 
trodes. The basic transformation 
factors, characteristics of welding 
equipment, and considerations of a 
similar nature. 

Our philosophy in approaching 
complex technological problems is 


diagrams provided the answer at a 
minimum of cost and effort. Nor 
was there any need to couch the 
answer in terms of the above-men- 
tioned welding variables. It is quite 








ACCURATE 
HARDNESS TESTING 
the low cost, dependable way! 


WITH 










PORTABLE 


HARDNESS TESTERS 


Ames Portable Hardness Testers make quick, ac- 
curate tests, in the Rockwell Scales, on the pro- 
duction line, in inspection depts., assembly depts., 
tool room and in the field — wherever accurate ™ > 
hardness testing will speed production, facilitate 


machining, and save tool wear. 


Ames Testers are making hundreds of tests daily, in thousands of plants, 
that otherwise would be impossible such as large gears, knives, saws, 
frame struts, assembled parts, etc. No special skill is required, A time- 
saving, low cost investment for any metal-working plant, 
Send for latest literature. 
ARRANGE FOR A DEMONSTRATION WITH THE FOLLOWING DISTRIBUTORS 
ANN ARBOR, MICHIGAN 


Eberbach & Son, Co. 
200 E. Liberty Street 


EVANSTON, ILLINOIS 
Adolph |. Buehler 
2120 Greenwood Ave. 


PHILADELPHIA, PA. 
Donovan Company 
1615 North 2nd Street 


NEW YORK, N. Y. 
Testing Machines, Inc. 
123 West 64th Street 


AMES PRECISION MACHINE WORKS 


Makers of Ames Precision Lathes and Bench Millers 


WALTHAM 54, MASSACHUSETTS 
SS Ne ANNI 
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clear that no variations in welding 
practices which utilize preheats of 
less than 1000° F. will have any 
effect on the metallurgical trans 
formations which occur in the heat 
affected zone. Preheats of 1000° I 
are not practical for shipboard weld 
ing, and the conditions which per- 
mit such preheats are best decided 
by welding engineers 

The desire of metallurgical r 
search groups to provide basic 
answers to such complex problems 
should be defended and encouraged 
The value of a basic answer lies 
in the fact that it provides a basis for 
evaluating the problem on a broad 
front and is not restricted in its 
significance to a specific set of con 
ditions. Direct welding trials, fo 


example, provide answers which 
often have the misleading appea: 
ance of being more practical becaus 
the data are presented in term f 
recognizable welding conditions. Al! 
too often the significance of the dat 
does not extend beyond the specifi 
conditions of the test 
Mr. Liedholm’s conclusions 
garding reports of our contemporary 
industrial research are not justifie: 
Metallurgists as specialists should 
not be expected to provide out-of 
their line interpretations. That ow 
research investigators refrain from 
this is a sign of our times inasmuch 
as specialization is a mark of ou 
contemporary industrial research. In 
final analysis, all industrial research 
has a “customer” in the background 
and it is inconceivable that the spe 
tacular growth of industrial research 
could have occurred with research 
groups so negligent of the customer's 
desires as would be concluded from 
Mr. Liedholm’s final generalization 
W. S. Pecuimi 

















TRADE. MARK 


BROKEN 26-INCH PINION SHAFT 
BACK IN SERVICE THROUGH 
“UNIONMELT” WELDING 


Maintenance engineers at a large Ca 
nadian steel mill took a second look 
at their cost figures when a 26-inch mill 
pinion shaft snapped because of metal 
fatigue. Usually, a broken shaft of this 
size is valued only as so many pounds 
of scrap steel and the purchase of a re 
placement part is required at consider 
able expense. Spurred on by the possi 
bility of large savings, the engineers de 


cided to fabricate a new section and 
UNIONMELT weld it to the undamaged 





7 


(Top) The two sections of the shaft are 
assem! 4 j and held rigidly 
/ en u ‘ rs. (Below) The welding 
i hinge a surfacing weld 
over the eneth 


end. First, the new section and the 
broken end of the pinion shaft were 
machined back to form a beveled joint 
A 4-in. hole was then cut in the centers 
of both sections and a plug inserted for 
alignment purposes. Reinforcement bars 
were tack-welded across the joint to 
maintain alignment while the parts were 
placed in a rotating positioner. The rein 
forcement bars were then cut off and the 
joint was preheated to 700 degrees Fah 
renheit with oxy-acetylene flame-heating 
heads. A UNtonmMeLT DS welding head 
was used to deposit over 275 |b. of weld 
metal in the vee making a sound, po- 
rosity-free joint. The welding was com 
pleted by making a surfacing weld over 
the entire weld area. The shaft was then 
machined and put back into operation at 
a fraction of the cost of a new part 

Call your nearest Linpe Office today 
and find out how you can cut costs and 
save time in your plant maintenance 
operations with UNIONMELT welding 


METALWORKING 








VIE 





Shix ole are riadale 
wih a powds a 
in ‘4 the ne neede 


by previous methods 


SLAG POCKET SHOT HOLES PRODUCED 
IN % THE TIME WITH POWDER-LANCING 


Before an open hearth furnace can be 
rebuilt the slag pocket contents and 
brickwork have to be blasted loose. Thi 
practice requires the making of shot 
holes in which the charges are placed 
In the past these shot hol were pre 
duced by drilling with wagon drill 
hand operated pneumatic drills, or some 
times by using hollow refractory sections 

ill costly and time consuming meth 
ods LIND! 


enginecr recommende 
powder-lancing using a mixture of alu 
minum and iron powder to create the 


extremely hot exothermi react 


POWDER STARTING BOOSTS 
PRODUCTION, LOWERS COST 





Powder-starting upped production 40% and 
cut costs 30% in this billet cut-off operation 


A southern manufacturer of tee! 
products reports a production increas 
of 40 per cent and a reduction in total 
unit cost of 30 per cent with the intro 
duction of powder-starting in an oxy 
acetylene cut-off operation. It was est 
mated that a standard cutting blowpips« 
required a minimum of 18 seconds to 


needed to pierce the firebrich lug, and 
hard inclusions. Producing six shot hol 
if " S0-ton capacit furnuce by tv 
hanical means requires up to 24 h 
of drilling. With powder-lancing the jot 
n be completed in 6 hour on 
m Ihe holes in be lanced i f 
time during the furnace production ‘ 
In use the powder-lanced hole retuin 


their shape and size for weeb 


Call your nearest Linor oflice today 
and find out how powder-lancit in 
he used to cut your open hearth furnace 
pro tho f numtienan ost 
turt ! i f {ce woth quar 
Powel ; tir Wil lded ? ittuching 


a powder-cutting adapter to the standard 
oxy-acetylene cutting blowpipe. Now 
uls are started in 14% to 3 second 

In powder-cutting an iron-rich powder 
is added to the oxygen stream to develop 
an extremely hot cutting flame. The pow 
der-cutting process makes the cutting of 
tainle teels, cast iron, or non-ferrou 
metals an efficient, economical operation 

Ask your nearest LINDE representative 
how ou can increase production and 
lower ost with powder-starting and 
other powder-cutting processes 
eeeeeeeeeeeeeeeeeee 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbor rporatior 


30 £. 42nd St. (Tg New York 17,N.¥ 
flices in Principal Citie 
n Canada: DOMINION OXYGEN COMPANY 


arbide anada nite Toronts 














Personal Mention__ 








Carl A. Liedholm 


Canut A. Liepnotm @ has joined 
the Atomic Power Div. of Westing- 
house Electric Corp., Pittsburgh, as 
senior engineer for the apparatus 
subdivision. Mr. Liedholm has con- 
tributed to Metal Progress notably 
on the necessary controls for die 
quenching — principally systematic 
studies of transformation of alloy 
steels during continuous cooling at 
widely varying rates. Swedish-born 
and educated, he was for ten years 
prior to World War II a metallurgist 
for Jessop Steel Co. in Washington, 
Pa. During his period, in 1935, he 
also graduated from Carnegie Insti- 
tute of Technology with a bachelor 
of science degree in metallurgical 
During the war, M: 
chief 
metallurgist for Curtiss-Wright’s 
Propeller Div. in Caldwell, N. J 
From 1950 to 1955 he directed re 
search into rock drills for Sandvik 
Steel Works in Sweden, and from 
1953 to the end of 1954 was re 
Rem-Cru 
in Midland, Pa 


engineering. 


Liedholm was engineering 


search metallurgist for 


Titanium, Inc., 


Frank Weir @ has been appointed 
assistant general sales manager of 
Harbison-Walker Refractories Co., 
Pittsburgh. He had been the Pitts 
burgh district sales manager since 
1949. Mr. Weir has been associated 
with the company since 1923, serv 
ing in sales positions in New York, 
Boston, Buffalo and St. Louis. 
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John Herbert Hollomon 


Joun Hensent 


HottomMon @ 
manager of the metallurgy depart 
ment, Electric Research 
Laboratory, Schenectady, N. Y., has 
been named by the National Junior 
Chamber of Commerce as one of 


General 


America’s ten outstanding young 
1954. Dr. Hollomon was 


honored for his leadership in met- 


men of 


allurgical research, and for special 
service to his country in war and 
peace. He received his bachelor and 
doctor of science degrees from the 
Massachusetts Institute of Tech 
nology. After a period of service on 
the faculty of Harvard University 
he served in the U. S. Army from 
1942 to 1946, attaining the rank of 
While in the Army 
chief of physical metallurgy at the 
Watertown (Mass.) Arsenal. He was 
awarded “The Legion of Merit” for 
his work in the service. 

Dr. Hollomon joined G.E. in 1946, 
and has served as advisor for metal- 
Knolls 


Power Laboratory, as well 


major he was 


lurgical activities at the 
Atomic 
as assistant manager and manager 
of the metallurgy department. Since 
1953 he has been a member of the 
High-Temperature Panel of the Na- 
tional Science Foundation. He has 
authored or co-authored some 40 
papers, as well as a textbook on 
“Ferrous Metallurgical Design”. 
Since Acta Metallurgica was estab- 
lished in 1952, he has served as sec- 


retary-treasurer, and holds the post 


of adjunct professor at Rensselaer 
Polytechnic Institute and is a mem 
ber of R.P.I.’s Development Council 
He is a fellow of the American Physi 
cal Society, and a member of the 
American Institute of Mining and 
Metallurgical Engineers, British In 
stitute of Metals and Iron and Steel 
Institute, American Association for 
the Advancement of Science, and 
the New York Academy of Science. 


John W. Higgins @ has been ap 
pointed district sales manager of the 
St. Louis, Mo., territory of the Co 
lumbia Tool Steel Co. He has been 
with the company since March 1954 
as a service technician. A native of 
the St. Louis area, Mr. Higgins has 
spent most of his adult life in vari 
ous supervisory capacities in charge 
of heat treating and process resear¢ h 
in that district. 


John Q. Adams @ has retired 
from the metallurgical and chemical 
department of General Electric Co.., 
Schenectady, N.Y., and has opened 
a consulting office in Whittier, Calif. 


Robert K. Little @, who gradu 
ated from Texas Western College 
in June '54 with a degree in metal- 
lurgy, is employed as a field engi 
neer by the Youngstown Sheet and 
Tube Co., with his office in Mid 
land, Tex. 


William E. Weber @, formerly 
employed by Continental Foundry 
and Machine Co., Wheeling, W.Va., 
is now a development metallurgist 
with the United States Steel Corp 


in the Duquesne, Pa works 







Thomas L. 


Altshuler @ was re 
cently employed as a design and 
development engineer by the Radio 
Corp. of America in the semi-con 
ductor chemical physic al laboratory 


in New York. 
David Krashes @ is the newly 


elected vice-president of Canadian 
International Rich Metals 
Winston, Alberta 


( orp 


A. E. Durkin, formerly at Thom 
Electric 
operating his own com 


son Laboratory, General 
is now 
pany, American Metal Processing 
in Wakefield, Mass The new com- 
pany specializes in anodizing and 
other chemical processing of alu 


minum, steel and magnesium 





REVERE EXTRUDED SHAPES 
_it may pay Yo" as it did Westinghouse 


When engineers of the Westinghouse Electric Cor- doubled without increasing physical size. To put 
ration, East Pittsburgh, Pa-» designed 49 inner- it in other Wy output 1s increased per pound of 


of making te enerator weight and per pound of fuel. 
| of machin- 


cooled generator rotor, the problem 

hollow rotor coils arose. It wes decided to make Extruded shapes can save @ great dea 

these out of two channel sections, butted together. ing time and money, * d make new ideas commer- 
Such channels could be made by milling solid copper cially practical. Come to Revere for them in copper 
bar, but Westinghouse knew how ¢* nsive such @ and its alloys and aluminum alloys. 





REVERE 


ments were finalized. The channels 4re extruded, 
drawn, annealed, and then give? a final draw. COPPER AND BRASS INCORPORATED 
Generators containing these spec Founded by Paul Revere ™ 180! 

230 Park Avenue, New York i7,™ y 











cooled by forcing hydroge® through the inner- 
cooled conductors @ 30 psig. Because the heat * Mills: Baltimore, naa Chicago and clinton, ILL DAG, Mich 
icked up directly from the coppe!: cooling Pet Los Angeles Riverside, Cali: New Bedford, Masi Rows, 
formance 15 greatly increased over former designs: N. Y. Sales Offices ™ Principal Cities, Distributors Everywhere 
As a result, generator output can be approximately 
/ 
- 






Cyutewoy view of W estinghovs® 
generator rotor, showing hydrogen 
entering from below ot the or 
turns, passin’ horizontally throvgh 
the coils, ond emerging at the 
center 




















Chort showing how the current corrying copocity of the inner- 


cooled rotor rises os the hydrogen 9° pressure is increased. 
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Personals . . 


Louis F. Fitzpatrick @, who has 
been a member of the staff of 


Shawinigan Limited 


Chemicals 
Montreal, Que for the past ten 
vears, has been appointed sales man 
ager of the company’s stainless steel 
and alloys division, A native of 
Montreal, Mr. Fitzpatrick graduated 
from MeGill University in chemical 
engineering in 1943 and went over 
seas with the Royal Canadian Engi 
neers. On his discharge in 1945, he 
joined Shawinigan in the chemicals 
division at Shawinigan Falls, trans 
ferring to the stainless steel and al 
loys division two years later. He was 
made assistant sales manager of that 


division in 1953 


Wilson D. Trueblood, Jr., chair 
man of the Milwaukee ( hapter 6 
and Milwaukee district sales man 
ager for Leeds & Northrup Co., r 
cently was awarded a 30th-anniver 
sary plaque by his company Mr 
Trueblood graduated from the Uni 
versity of Wisconsin in 1922 with 
the degree of bachelor of science in 
chemical engineering. He joined 
Leeds & Northrup in 1924, and for 
many years has represented the firm 


in the upper Midwest 


Harold W. Hanes @ has been ap 
pointed research metallographer for 
the Vanadium Corp. of America at 
research center in Cam 
bridge, Ohio. M1 


merly metallographer at the Ford 


its new 


Hanes was for 


Motor Co plant in Cincinnati, Ohio 
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HEAT TREATING 
15 Thousand Drills A Day 


at New Process 


For real endurance and accuracy in heot treating high speed 


steels, the New Process Twist Drill Company of Taunton, Masso- 
chusetts recommends Sentry Furnaces without reservation. Daily 
heat treating of 9 to 15 thousand drills, miscellaneous milling 
cutters and form tools of M1 and M10 types of high speed stee! 


with complete freedom from decarburization, calls for utmost 
furnace performance and reliability. Sentry High Speed Stee! 
Hardening Furnaces with the Sentry Diamond Block Atmosphere 
assure highest quality hardening and elimination of costly 
spoilage, Here ot New Process under exacting production 
requirements, Sentry equipment hos again proved its worth. 


entry ELECTRIC FURNACES 


S 


THE SENTRY CO.+ FOXBORO: MASS. 
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Request Catalog P-36 
Tells the full story of 
Sentry Furnaces ond The 
Sentry Diamond Block 
Method. 














{E> 


Gordon 


McMillin © 


works manager with General Steel 


forme r| 


Castings Corp., Granite City, IIL, has 
joined Canadian Car and Foundry 
Co., Ltd., Montreal, Quebec, as as 
sistant vice-president. He i in 
charge of foundry operations at the 


Longue Pointe plant 


Douglas P. Ferguson ©, former! 
Wilson 
Willys Motor Irie 


has bee n appointe ad 


chief metallurgist of the 
Foundry Div 
Pontiac, Mich 
“Ferrocarbo” engineer in the abra 
sive engineering department of th 
bonded products and grain division 
of the Carborundum Co., Niagara 
Falls, N.Y. Mr. Ferguson received 
the degree of bachelor of metallurgi 
Rensselaer 


Polytechnic Institute in 1947 and did 


cal engineering from 


advanced study in metallurgy at th 
University of Michigan. He was su 
cessively plant engineer and metal 
Neehan 
Dearborn 
Foundry of Ford Motor 
Co., and then chief metallurgist for 
Wilson Foundry Div. of Willys Mo 


tors, the position he held prior to his 


lurgist for Neehan Foundry 
Wis metallurgist with 
Specialty 


pre sent appointme nt 


P. C. Clarke @ was elected di 


rector and appointed vice-president 
of the Eastern Metals Research ¢ orp 
of New York at its last annual meet 
ing of stockholders. Mr 
executive vice-president and dire« 
tor of the Hunter Spring Co., Lans 


dale, Pa. Formerly an engineer with 


Clarke is 


the Westinghouse Electric Corp. and 
later the General Electric Co he 
has been associated with the Hunter 


Spring Co. since 1932 


William H. McCormick @ and J 
Herbert Whelan r. ] two veteran em 
ployees of Crucible Steel Co. of 
America, have been promote d in the 
company’s sales organization and will 
have their offices at the headquarters 
in Pittsburgh. Mr. McCormick, for 
merly chief metallurgist at Crucible’s 
Park Works, Pittsburgh, has been ap 
pointed manager of sales of the alloy 
and carbon division He will also be 
available as a consultant to other 
sales divisions within the company 
Mr. Whelan, who has been assistant 
( hic ayo 


branch sales office and warehous« 


manager at Crucible’s 
has been appointed warehouse mer 
chandising consultant. Both Mr. M: 
Cormick and Mr. Whelan came with 


the company in 1923 











resilience 
IN... 







Crucible hardened and tempered spring steels give you the best 
combination of maximum toughness, resilience and resistance to 
fatigue 

You get exceptional uniformity, too. For once a standard for 
your application has been set, hardness tests, and bend tests for 
toughness, insure exact duplication of production lots 

Crucible hardened and tempered spring steels are promptly 
available in a full range of sizes, tempers and finishes — in coils 
or cut to your particular length requirements. And experienced 
Crucible metallurgists can help you make the best choice for 
your job. For information on cold-rolled tempered and specialty 
steels, get your free copy of Crucible’s 32-page booklet. For your 
copy, mail the coupon to: Crucible Steel Company of America, 
Henry W. Oliver Building, Pittsburgh 30, Pa 





ee 





CRUCIBLE TEMPERED 


SPRING STEELS 


mP.3 
Crucible Steel Company of America 
Henry W. Oliver Building, Pittsburgh 30, Po 


I'd like a copy of your 32-page booklet on co 


d 
rolled specialty steels 


Nome Title 


Company 


Address 


City Zone Stote 


C p U C | & LE} first name in special purpose steels 





Crucible 


Steel Company of America 


MARCH 
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This alloy list keep 
getting longer and longer: 


*NI RESIST 
@EVabale) sty \/ Gt) <-\elopamor-ta SAE 1020 
supply scores of special senshi 
and standard alloys for 







































SAE 52100 








SAE 6150 
remelt or reprocessing, SAE 8630 
certified to your exact AMS 53628 
, fj tj ; AMS 53858 
speci Ter. 4 ete) at— AMS 5388 
PWA 651 
A long alloy list is an excellent indica- — 
tion of long alloy experience! As source on 
for many of the nation’s major investment 4750 
casting suppliers and others, Cannon-Mus- Alsi 
kegon furnishes a great variety of alloys for 300 SERIES 
remelt or reprocessing. Alloys include super AISI 
stainless and tool steels, as well as nickel 400 SERIES 
and cobalt-base alloys. Other alloys are pre- *MONEL 
pared specially for medical, aeronautical, *INCONEL 
electronic, industrial and experimental uses. ACI-H7 
These alloys are in addition to a wide 18-4-] 
range of carbon and 300 and 400 series 182 
stainless steels regularly carried in stock lID2 


for immediate delivery. Remember... no 
matter what type alloy you specify each is 
backed with a notarized metal analysis in- 
suring exactly predictable physical, chem- 
ical and electrical properties. 


INVAR 
CO-CR.w 
ALLOYS 
CU-NI 
ALLOYS 
NI-CR 
ALLOYS 
NI-FE 
ALLOYS 
NI-CR-FE 
ALLOYS 
cr-FE 
ALLOYS 


of saree notion? 
riche! : 








MASTERMET ALLOYS ore available 
in either ingot, shot, hexagon bar, billet or 
12”-long, 6” diameter cast round bar form. 
Alloys are shipped in drums with specifica- 
tions clearly imprinted for fast selection and 
storage. 


Cannon-Muskegon 

CORPORATION y MastenMer ‘ 
2879 Lincoln Street * Muskegon. Michigan 

METALLURGICAL 


WRITE for your copy of New 
MasterMet Bulletin and tech- 
nical data on the complete 
MasterMet alloy service. 





SPECIALISTS 
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Personals .. . 





John Anglim @, chief metallu: 
gist of the American Motors Corp 
division of Nash-Kelvinator Corp 
in Kenosha, Wis., has retired afte: 
42 years with the company. Mr 
Anglim joined the organization, then 
the Thomas B. Jeffery Co. of Keno 
sha, in 1912, and became chief 
metallurgist in 1918 when the Nash 
Motors Co. was organized. He 
started his technical career 50 years 
ago, in 1905, as an analyst for the 
Wisconsin Steel Co. in Chicago 
Whitney Snyder @, assistant chief 
metallurgist at the American Motors 
Corp. Kenosha plant, has been pro 
moted to chief metallurgist to fill Mr 
Anglim’s position. 


Irwin Wittick 8 has resigned as 


Rives Co 
Jacksonville, Fla., to take the posi 


vice-president of W. L 


tion of awning division manager with 
the Chamberlain ( orp., Waterloo 


lowa 


J. E. Massey @ has been ap 
pointed sales engineer for Delta 
Tank Mfg. Co., Inc., Baton Rouge 
La. Mr. Massey, a graduate of the 
Agricultural and Mechanical Col 
lege of Texas, previously was chief 
estimator for Wyatt Metal and 
Boiler Works in Houston, Tex 


Ernst M. Goldstein @ is now re 
search chemist at Nickel Processing 


Corp., Elizabeth, N.J 


Joseph M. Denney @, formerly a 
research engineering consultant with 
North American Aviation Co., has 
been appointed a research associate 
in the metallurgy department, Gen 
eral Electric Research Laboratory 
Schenectady, N.Y. Dr. Denney is a 
graduate of California Institute of 
Technology, where he received his 
M.S. and Ph.D. degrees 


F. L. LaQue @, vice-president and 
manager of the development and 
research division of International 
Nickel Co., has been appointed to 
the national panel of arbitrators of 
the American Arbitration Associa 
tion. Mr. LaQue received his degre« 
in chemical and metallurgical engi 
neering from Queen's University in 
Canada in 1927, and has been active 
in this field ever since. As a mem 
ber of the national panel, he will be 


available for selection by parties sub 


mitting disputes to arbitration 















You can 
double the 
service life of 


stee/ forging dies 





| / f} + | a f 
AN hag Au tims tor Vouhee {09 Lubrir Qn 


Treat your steel forging dies with ‘dag’ Colloidal Graphite 
and increase the number of acceptable forgings per die by 
as much as 100 percent. The dry lubricating film formed 
by colloidal graphite protects both dies and forgings. Free- 
dom from scaling and sticking often eliminates some of 
the usual finishing operations on forgings, and greatly 
extends die life. 

‘dag’ Colloidal Graphite is much more effective than 
ordinary high-temperature lubricants, including the best 
of powdered graphite. It is high-purity, electric-furnace 
graphite, specially treated by Acheson to produce micro- 
scopically fine particles. Dispersed in many fluid carriers 
for convenient application, ‘dag’ Colloidal Graphite will 
not burn, flake, or gum, at temperatures commonly en- 
countered in metalworking operations. 

‘dag’ dispersions are used profitably in stamping, deep- 
drawing, piercing, casting, forging, stretch-forming, and 
wire drawing. You'll find a surprising number of ways 
to use ‘dag’ dispersions described in our free booklet on 
‘dag’ Colloidal Graphite for Metalworking Operations. 
Write for Bulletin No. 426-X1. 


Dispersions of molybdenum disulfide are available 
in various carriers. We are also equipped to do cus- 
tom dispersing of solids in a wide variety of carriers. 


ACHESON COLLOIDS COMPANY 


PORT HURON, MICHIGAN 2 
»»-@lso0 ACHESON COLLOIDS LIMITED, LONDON, ENGLAND ® 

















speed 


YOUR PRODUCTION 
AT LOWER COST 
WITH — 

















WYCKOFF 


Cold Drawn CARBON & ALLOY 


WVID Ee 
FLATS 


up To 2” x 12” 


other heavy machinery parts. 


WYCKOFF 
QUALITY CONTROL 


Insures 
® Accuracy of Section 


®@ Square Corners 
to Your Needs 


@ Straight Edges 
@ Smooth Uniform Surfaces 


es a, @ Furnace Treatment 
. to Your Specifications 


YCKOFF STEEL CO. 


y GENERAL OFFICES: 

~ Gateway Center, Pittsburgh 30, Pa. 
Bronch Offices in Principal Cities 

Works: Ambridge, Pa. + Chicago, il. 
Newark, NJ. + Putnam, Conn. 

WYCKOFF STEEL PRODUCTS—Cerben and Alloy 
Steels + Turned end Polished Shafting 

Turned ana Ground Shafting - Wide Flets up to 

12” x 2” + All types of furnace treated Steels 


© 
g 
4 
4 
4 
% 
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Wyckoff Precision Wide Flat Sec- 
tions are cold drawn to close 
tolerances and will definitely reduce 
your machining and assembly costs 
for gauges, gigs and fixtures, ma- 
chine tool bases, die plates, and 








Personals .. . 


C. D. D'Amico @ ha been 
named manager of sales at the Los 
Angeles plant of Joseph T. Ryerson 
& Son, Inc. Filling th post of man 
ager of the stainless steel depart 
ment vacated by Dr lI) Amico. is 
F, X. Kinzie @ who formerly was a 
sales representative for the depart 
ment. Dr. D'Amico became issocl 
ated with the Los Angeles plant in 
1947 as manager of the special steel 
departme nt. Previously he had been 
engaged as a metallurgic il engineer 
on the West Coast, following h 
graduation from the University of 
Michigan in 1939, where he obtained 
the degrees of M.S. and Ph.D. in 
metallurgy. Mr. Kinzie attended 
Purdue University, joining the com 
pany at ¢ hicago in 1937. He was a 
sales representative for the plasti 
bearings and babbitt metal division 
before his transfer to Los Angeles in 
1946 to assume similar duties. He 
left this position in 1951 to becom 
a sales representative for the stain 


less steel cle parte nt 


Edward J. Planz @. tormerly r 
search and development metallurgist 
with Kaiser Metal Product sristol 
Pa., has accepted a position as cle 
velopment metallurgist at Wallace 
Aviation Corp., Wallingford, Conn 


Edward W. Sparkes @ has been 
appointed acting manager of the 
Syracuse, N.Y., area sales branch of 
Crucible Steel Co, of America. Mi 


Sparkes joined Crucible in 1935, and 
was employed im Vario cupaciti 
until securing a leave of absence in 


1942 to enlist in the U.S. Arm 
Upon discharge from th vilitar 
in 1946, he returned to Crucible at 
Svracuse to become i member of 
the company s sales force there. He 
was appointed sales service engineer 
early in 1947, the position he held 


until his recent promotior 


Thomas O. K. McClure @ rv 
cently retired as gear specialist at 
the Allison Div. of General Motor 
Corp. in Indianapolis, Ind., with 23 
vears’ service behind him. With all 
of his working years spent on gears 
Mr. McClure has served with Pitts 
burgh Model Engineering, with Ford 
Motor Co., 10 years with Studebaker 
Corp., and then his first General Mo 
tors connection—with Pontiac Mo 
tors, Pontiac, Mich 




















Descaling 5 tons of stainless wire 


IN 15 MINUTES with vinGo’ Descaling Salt 





10-MINUTE IMMERSION in molten bath of Virgo Descal 
ng Salt at 900°F. loosens scale. The bath is self-regener 
ating, and produces no toxic fumes. Immersion time and 
temperature are flexible, need not be watched closely 





WATER QUENCH removes much of the loose scole. The 
steam generated by immersing the hot metal in the water 
further loosens scale by its blasting action. The work is 
thus prepared for the final acid dip 








THREE-MINUTE DIP in dilute acid removes the now 
soluble scale. The work is ready for ao rinse or hosing to 
wash off the acid. Result: a chemically clean surface— 
no pitting, etching or metal loss. TOTAL TIME—15 
MINUTES 


SEND FOR THESE BULLETINS 

Get the whole story on Virgo 
Descoling Salt and Virgo Molten 
Cleoner——what they ore, how they 
work their advantages how they 
fit your operations, ond the Hooker 
services you enjoy as a user of the 
process. Send for these bulletins 
todoy 


HOokEr 


CHEMICALS 
® LOS ANGELES, CALIF. 


1.1443 TACOMA, WASH. 
CHICAGO, ILL 











From the Salt of the Earth 











1905—Half a Century of Chemicals 


HOOKER ELECTROCHEMICAL COMPANY 
30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. | 


VIRGO DESCALING SALT—Producers and tab 
ricators of stainless and alloy steels use Virgo 
Descaling Salt to quickly, positively remove 
scale produced by hot rolling, forging, extrud- 


ing, casting, annealing. 


VIRGO MOLTEN CLEANER —quickly, positive 


ly desands and degraphitizes castings; removes 
grease, dirt, chemicals, paint, enamel, rubber, 
atmospheric corrosion and other impurities, 

This process can be used on steel; castings; 
forgings; fabricated parts; material to be sal 
vaged. It employs simple equipment, and is 


easily adapted to your production methods. 


Hooker Electrochemical Company 


Ge 
| 
| 
30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. 
! 
| 
| 
| 


Please send me Bulletins checked: Virgo Descaling Solt [ 


J 


Virgo Molten Cleaner 





Name 
Tithe 
| Company 
! 
| Address 
! 
| City lone State 


7 
! 
| 
| 
! 
| 
! 
! 
| 
! 
| 
! 
! 
! 
| 
| 
| 
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HEATPROOF! RUSTPROOF! 


WCVEN WIRE CONVEYOR BELTS 
permit continuous heating, quenching, washing 


All-metal belt . . . corrosion resistant and impervious to damage at tempera- 
tures up to 2100° F . . . withstands most severe conditions of annealing, 
tempering, brazing, as well as quenching, pickling, washing. Moving belt 
eliminates batch handling, cuts costs, provides continuous production. 
Cambridge Woven Wire Conveyor Belts have no seams, lacers or fasteners to 
wear more rapidly than the body of the belt . . . no localized weakening. Open 
mesh construction lets heat and gases circulate freely all around the work, 
and permits free drainage of process solutions. 


No matter how you look at it, CAMBRIDGE Woven Wire Conveyor Belts 
are invaluable aids to AUTOMATION ... . eliminate profit-stealing batch and 
hand operations. They are made in any size, mesh or weave, and from any 
metal or alloy. Special raised edges or cross-mounted flights to hold your 
product during movement are available. 


Call in your Cambridge Field Engineer to discuss hou 
you can cut heat treating costs by continuous operation. 
You can rely on his advice. Write direct or look under 


“BELTING, Mechanical” in yourclassified phone book. 


ASK FOR FREE 130-PAGE REFERENCE 
MANUAL illustrating and describing 
woven wire conveyor belts. Gives 
mesh specifications, design infor- 
mation and metallurgical data. 





rei DEPARTMENT B, 
ETAL CAMBRIDGE 3, 
BELT! FABRICATIONS MARYLAND 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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Personals .. . 


H. T. Coghill @ has joined the 
sales staff of the refractories division 
of the Carborundum Co. and is now 
working in the Cincinnati territor 
Mr. Coghill attended Antioch Col 
lege and the University of Michigan 
majoring in mec hanical and « hemical 
engineering. After graduation he 
joined the technical staff of the 
American Cyanamid Co., where he 
stayed for 12 years. He then went 
to Ampco Metals as manager of the 
Chicago district. After six vears 
there he formed his own company 
operating as a manufacturers agent 
serving the metallurgical and proc 
ess industries 


James M. Robinson @ has been 
appointed assistant branch manager 
of the Springfield, Mass sales 
branch of Crucible Steel Co. of 
America. Mr. Robinson began his 
career with Crucible upon graduat 
ing from the University of New 
Hampshire in 1936 with a bachelor 
of science degree in chemical engi 
neering. His first assignment with 
the company was in Pittsburgh, and 
since 1939 he has been associated 


with the Springfield branch 


Hjalmar A. Anderson @, formerly 
assistant chief engineer of the indus 
trial furnace division of Sunbeam 
Corp., was recently appointed chief 
project engineer of Lindberg Indus 


trial Corp., Chicago 


Felix Kremp @ has been ap 
pointed assistant manager of the 
toolsteel sales division of Crucibk 
Steel Co. of America, and will be 
primarily responsible for the sales of 
the division's products produced at 
the companys Park Works, Pitts 
burgh. Upon graduation from Cor 
nell University in 1915, Mr Kremp 
joined Crucible’s metallurgical de 
partment at Park Works. In 1919 
he left the company to accept a posi 
tion as metallurgist with Atlas Steel 
Co Dunkirk N.Y and IX vears 
later became associated with Brac 
burn Steel Co., Braeburn, Pa is 
assistant sales manager. Rejoining 
Crucible in 1934, Mr Kemp has 
since served in the companys gen 
eral sales department From 1951 
through 1953, he was on loan to the 
National Production Authorit in 
Washington, D.¢ as chief of the 


toolsteel section 








Experienced metal fabricators have found that th 





notable difference in production-iine performance when they 
with Scovill Brass and Aiuminum Mill Products This 


show up in tess down-time, fewer rejects, longer tool 








‘ve 











and die life, or a superior product finish. 


The difference results from the inherent soundness of the 


metal itself...and its uniformity of chemical cor:position, physical 


properties and dimensions...from tot to lot and order to order. 


This is the difference you enjoy when you put Scovill on 


your team...a difference you can SELL in the superior quality of 


your fabricated products. Scovill Manufacturing Company, 







Mill Products Division, 99 Mill Street, 
Waterbury 20, Copnecticut. Phone PLaza 4-1171. 


MILL PRODUCTS 


BRASS e BRONZE o NICKEL SILVER «© ALUMINUM 
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MALLORY~- SHARON reports on 


TU ZANT UU oY! 


Testing hardness of Mallory 
Sheron Titanium alloy ingots 





ONE INGOT 
is worth 10,000 words 


OU have read many words about Titanium’s glam- 
orous future. But the real news is—this new metal 
is here today. 


Over the past few years, Mallory-Sharon and the few 
other titanium producers have approximately doubled 
output every year. Technical developments—that took 
years with other metals—have been accomplished in 
months with Titanium. 


Mallory-Sharon is a leading producer of today’s tita- 
nium... supplying virtually every major aircraft and 
jet engine manufacturer with sheet, strip, bars, forgings, 
and other mill products. 


Use our experience in your application of lightweight 
corrosion-resistant Titanium. Mallory-Sharon Titanium 
and Titanium Alloys are consistent in quality, and may 
be machined and fabricated readily. Promised deliveries 
are reliable. 


Mallory-Sharon Titanium Corporation, Niles, Ohio 
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Personals .. . 


Harold J. Holmes @. formerly 
chief engineer of Atlas Press Co 
Kalamazoo, Mich has been ip 
pointed assistant to the vic presi 
dent, engineering, at the Heald Ma 
chine Co., Worcester, Mass 


H. E. Sigwell @, formerly a sales 
engineer with the Detrex ( wp., De 
troit, is now general superintendent 
at the Steel Cabinet Mig. Co.. Phila 
delphia 


Maurice B. Kasen @. formerly in 
the physical metallurgy department 
at Minneapolis-Honeywell Regulator 
Co., Minneapolis, Minn., is now em 
ployed by the Kaiser Aluminum and 
Chemical Co Spokane, Wash 


Cameron Clyde Mathias @ and 
Leon Hurwitz @ have organized th 
Metallurgical Specialties Co., In 


Lancaster, Pa 


William Durako @, who gradu 
ated from Drexel Institute of Tech 
nology in June 1954, has accepted 
a position as sales engineer with 
Crucible Steel Co. of America and is 
located in Syracuse, N. 


Richard L. Werner @ was dis 
charged from the U.S. Army in No 
vember 1954 and is now employed 
by the R. D. Werner Co., In 
Greenville, Pa., as assistant chief 


engineer. 


George A. Barker, Jr., @ was r 
cently elected president of Utilit 
Products Corp., Miami Fla. Mr 
Barker is also president of Agog En 
gineering Corp. in the same city 


W. William Nash @, until recent 
ly metallurgist at Sikorsky Aircraft 
Div United Aircraft Corp in 
Bridgeport, Conn., is now metallur 
gist at Piasecki Helicopter Corp 
Morton, Pa 


Roman Osadchuk ©, who rr 
ceived his Ph.D. in metallurgical en 
gineering frem the University of 
Cincinnati in August 1954, is now 
with the Aluminium Laboratories 
Limited, Kingston, Ont 


Win St. John 6 has resigned as 
production engineer for Technicraft 
Laboratories, Inc., Thomaston 
Conn., and is doing consulting (engi 
neering) as an independent, special 
izing in aluminum flux dip brazing 
and silicone rubber problems 














How you 
can save time and 


money when your 


blueprint calis for 


STAINLESS 
STEEL 





Stainless Steel Pilate IN STOCK... ow, / 
Write for Carlson Weekly Stock Lists. 
Address: G. O. Carison, inc. 


Thorndale, Penna. 








When your blueprint calls for stainless steel 
plate, you'll want material of highest quality, 
produced by specialists in the field, and deliv- 
ered to you on time. When you want all that, 
and economy too, you'll find the answer at 
G. O. Carlson, Inc. 

As one of the leading producers of stainless 
steel plates, heads, rings, forgings, flanges, and 
other stainless components, G. O. Carlson 
Inc. uses the finest equipment in the industry 
to fill your orders quickly, efficiently and eco- 
nomically. Clean edges are a rule of the road 
with G. O. Carlson, Inc. which means a mini- 
mum of “‘trueing up”’ before fabrication. Plates 
will be rolled promptly to fill special orders, 
but many of your requirements can be filled 
from what is probably the largest stock of 
controlled analysis stainless steel plate avail- 
able anywhere. 

Call Carlson the next time your blueprints 
specify stainless steel plate or other stainless 
steel products. 


Stainless Steels Exclusively 


'ARLSON wc. 


Plates - Plate Products - Forgings « Bars - Sheets (No. | Finish) 


THORNDALE, PENNSYLVANIA 
District Sales Ottices in Principal Cities 
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PROTECTIVE COATING CHEMICALS 








IMPROVED DRAWING AND COLD FORMING 





mee ; . eT RS. Fey rer a 


“GRANODINE ® forms a zinc-iron phosphate-coating 
bond on sheet metal products—automobile bodies and 
fenders, refrigerator cabinets, etc.—for a durable, lus- 
trous paint finish 


“LitHOPORM’#® makes paint stick to galvanized iron 
and other zinc and cadmium surfaces 


“ALODINE '#, the new ACP protective coating chemical 
for aluminum, anchors the paint finish and protects 
the metal 


“PERMADINE @, a zinc phosphate coating chemical, 
forms on steel an oil-adsorptive coating which bonds 
rust-inhibiting oils such as ““Granoleum™ 


“THERMOIL-GRANODINE @, 4 manganese-iron phosphate 
coating chemical, forms on steel a dense crystalline 
coating which, when oiled or painted, inhibits corrosion 


The oiled “THERMOIL-GRANODINE coating on pistons, 
piston rings, cranks, camshafts and other rubbing parts 
allows safe break-in operation, eliminates metal-to- 
metal contact, maintains lubrication and reduces the 
danger of scuffing, scoring, galling, welding and tearing 


“GRANODRAW # forms on pickled surfaces a tightly- 
bound adherent, zinc-iron phosphate coating which 
facilitates cold forming and extrusion, improves draw- 
ing and lengthens die life 


RUST REMOVING 
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“DEOXxIDINE @, the pioneer of the phosphoric acid- 
solvent type metal cleaners, removes rust and grease, 
destroys rust stimulators, and creates an etched inert 
surface that bonds paint firmly. “DeoxipINe’ prepares 
steel, aluminum, brass, copper and other metals properly 
for painting 


Pioneering Research and Development Since 1914 


General Offices: Ambler, Penna. 


Windsor Ontario 
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Personals 


Harold Helgerson @, for six vears 
chief metallurgist with the Chicago 
Milwaukee, St. Paul and Pacific R. R 
in Milwaukee, Wis., is now metal 
lurgist for Rockwell Valves, In 
Sulphur Springs, Tex. 


William T. Warner @, formerly 
group leader in Reactor Operations 
Div., Brookhaven National Labora 
tory, is now staff metallurgist for the 
Atomic Energy Commission office at 
the Feed Materials Production Cen 
ter, near Cincinnati, Ohio. 


Lawson I. Ainsworth @ has been 
transferred from the toolsteel sales 
division of Bethlehem Steel Co 
Bethlehem, Pa., to the New York dis 
trict sales office in New York City 


K. L. Jansen @, who was formerly 
associated with the coated abrasives 
division of Armour & Co. in Alliance 
Ohio, as quality control manager and 
abrasives sales engineer, has been 
appointed assistant sales manager for 
the centrifugal casting division of 
Shenango-Penn Mold Co., Dover 
Ohio. 


Walter Kilimnik 6 who was car 
bon production manager on the gen 
eral staff of U.S. Steel Supply Co 
Chicago, is now sales manager of 
Solar Steel ¢ orp., Los Angeles 


Joseph Robert Schettig @, who 
was graduated from Pennsylvania 
State University last August with a 
master’s degree in metallurgy, is now 
employed as a research assistant at 
Armco Research Laboratories in 
Middletown, Ohio 


Seymour Goodman @, former in 
structor in metallurgical engineering 
at the Polytechnic Institute of Brook 
lyn, is now materials engineer at the 
David Taylor Model Basin, a U.S 
Navy research and development in 
stallation in Washington, D.« 


Edward L. Badwick @ was re 
cently transferred from the Eclipse 
Pioneer Div. of Bendix Aviation 
Corp. at Teterboro, N.J., to the Red 
Bank Div. of the Corporation, where 
his duties as a metallurgical engi 
neer will be similar 


Donald E. Vreeland @ is now em 
ployed in the research and develop 
ment laboratory of United States 
Steel Corp., Pittsburgh 








lf you work with metals... 


DON’T MISS, THIS FILM! 








The prize-winning 16mm color movie— 
“THE SCIENCE OF MAKING BRASS” 





“In 30 minutes I learned more about 
making brass than in a day’s trip 
through the mill.” 

That’s a typical reaction to this dra- 
matic Chase film! “The Science of 
Making Brass” takes you on a guided 
tour of Chase mills—shows you excit- 
ing, full-color close-ups of every step 
in the making of brass and other cop- 


per alloys in the form of sheet, rod, 
wire and tube. If you work with met- 
als, it’s an experience you won't want 
to miss! 

“The Science of Making Brass” is a 
16 mm, full-color film with a running 
time of 29 minutes, and will be loaned 
to you on request. To arrange a show- 
ing, clip and mail the coupon below. 






































it won these PRIZES First Prize, International Competition 
for Technico-Industrial Documentary Films, 
Turin, Italy and Venetia Diploma at 
Venice Festival. 





lt won this PRAISE “Far superior...” (Colorado manufacturer) 
“Excellent in every respect.. .” (Large 
ag manufacturer) * ‘Finest ever 
” (Texas distributor). 


Chase a 


BRASS & COPPER CO. 





To: Chase Brass & Copper Co., Incorporated 
Waterbury 20, Conn. Dept. MP-355 
Gentlemen: 


Please send me more information on your 16mm, 
full-color film, "The Science of Making Brass.” 


I would like to arrange for a showing on or about 




















——-—----------4 


NAME — 

WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION POSITION 

The Nation's Headquarters for Brass & Copper “2 4 
Aipens Crscage Detrot vas Aagete: New fork St. Lents rns, =. 2 
Atlanta Concinast Gand Raps’ M pwauker PD tadeigh a Sen trancsce ADDRESS 

bait more Ohevetand Houston M nemage! © Pittsburgh Seatthe rte tT ee ore 4a ee So - im 
boston Oa tas \nd anape\s Nowa Providence Waterbur) city STATE 

Chartotte Lene Kansas City, Mo. = New Orleans Rochester ° (‘sales ofthese onty) - — nat 
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“FABRICATED ALLOYS 


FEATURES OF THE 
ROLOCK 


NEU-POT 


WROUGHT ALLOY, strong, dense 
uniform ... gives thinner sections 
more rapid heat transfer, less hot 


spots, faster heat recovery 


ALLOY WELDS X-ray inspected 
free from slag, air pockets, cracks 
No premature failures due to these 


causes 
we 


HEADS of fabricated pots stocked 
lpia in standard diameter wide 
ad range of dep hs quickly made with 


out special patterns, tools, 





HERE’S TERRIFIC SERVICE... 
8000 Hours . . SO FAR . . with Neutral Salts! 


Yes that's really phenomenal cost saving but Rolock 
customers expect and get more than normal use from our 
fabricated-welded heat treating equipment 


In this instance, it’s a fabricated Inconel pot 14” plate 
. which withstands a 1550° F, operating temperature for 16 
hours per day stands idle for 8 hours then over Sunday 


at about 1300° F. So far its life totals 18 months. This ts 
probably a record, but many other Rolock neutral salt pots have 
served for 12, 14, 15 and 16 months up to 5000 hours 
Naturally, higher temperatures reduce service life 


If you require neutral salt pots of this type (any size), you 
will want specifications and quotations that will clearly show 
cost-cutting. Write for complete details of this up-to - the 
minute equipment or any other type of fabricated heat 
and corrosion resistant alloys 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN 


Sea! JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 
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Personals 


James K. Goldsmith @ is now as 
sistant superintendent, sponge pro 
duction, for Cramet, Inc., a wholly 
owned subsidiary of Crane Co., in 


Chattanooga, Tenn. 


William J. Mulvehill @ was vr 
cently made central Ohio manager 
for the Dale Carnegie Institute. For- 
merly chief metallurgist for Motch & 
Merryweather Machinery Co., Cleve 
land, Mr. Motch resigned this posi 
tion in early 1953 to become area 
manager for his present firm, the of 
fice he held until his promotion 


R. Doughton, Jr. @ has resigned 
from the materials advisory board of 
the National Academy of Sciences to 
become development engineer in 
product development division, Jones 


& Laughlin Steel Corp., Pittsburgh 


Joseph C. Fox @, long associated 
with the Doehler-Jarvis Corp., To 
ledo, Ohio, as chief metallurgist, has 
opened an office in Toledo for con 
sultation on matters pertaining to 
the chemical and _ metallurgical 


phases of the die casting process 


Cecil F. Baxter, until recently 
metallurgist with Ford Motor Co. of 
Canada, East Windsor, Ont., has ac 
cepted a position in the research and 
development section, Canadian Na 
tional Railways, Montreal 


A. R. Gaus @ has been elected a 
vice-president of Erie Forge & Steel 
Corp., Erie, Pa. Before joining the 
Erie Forge organization, Mr. Gaus 
was vice-president of the Midvale 


Co., Nicetown Philadelphia 
Fred C. T. Daniels @ recently re 


tired as vice-president of research 
and development for Mackintosh 
Hemphill Co., Pittsburgh—the posi 
tion he has held for the past 26 
years. A native of Vermont, he r 
ceived al degree in chemistry from 
Worcester Polytechnic Institute in 
1904, and has been an active par 
ticipant in the metallurgical develop 
ment of the iron and steel industry 
throughout the past 50 years. He 
holds 18 patents, mostly pertaining 
to cast iron and cast steel rolls. Con 
tinuing to serve in a consulting and 
advisory capacity to Mackintosh 
Hemphill Co., Mr. Daniels will 
side at Waretown, N.J., in order to 
be close to his favorite fishing and 
cruising on Barnegat Bay 











a NEW fine-grain phosphor bronze wit 
0% GREATER ENDURANCE LIMIT 


FINE-GRAIN STRUCTURE IS THE MAIN REASON... 


DURAFLEX®* is a new, fine-grain phosphor bronze 
developed and sold only by Anaconda, Compara- 
tive fatigue tests show that the endurance limit of 
DURAFLEX is approximately 30% higher than for 
ordinary phosphor bronzes. In surface appearance, 
surface smoothness and resistance to corrosion, it 
is equal to, or better than, other phosphor bronzes 
Further, its formability is increased with no sacri 
fice in yield strength. pURAFLEX is a premium phos- 
phor bronze in every way except cost; there's no 
increase in price. 

If youre now using a hard-temper phosphor 
bronze, chances are that you can do the same form 
ing in extra-hard temper punarLex. If you're look- 
ing for longer life in the parts you form, we'll be 
glad to send you a free sample of punarcex. Try it, 
test it, and you will agree that it’s superior 





5676 Tre 


Micrographs (75x magnification) tell 
the inside story. Top, note the fine 


grain structure of puRAFLEx. Compare 
it with the grain structure of ordinary 
phosphor bronze, bottom. 


DURAFLEX fine-grain phosphor bronze 


on ANACONDA produc 
Try a FREE SAMPLE of MADE BY THE AMERICAN BRASS COMPANY 


. r ‘ + 3 _— FREE SAMPLE eee SS eS SS SS Se ee ee ee eee eee 
J Lt a i X ; The American Brass Company, Waterbury 20, Connecticut 
os ° 
r 
r 





& 
¥ 


(in Canada: Aneconda American Brass Lid., New Toronto, Ontarie) 
Yes, we'd like to try punariex. Please send us a free sample of 


sheet in temper thick, 





wire in temper diameter 
C) We'd like to talk toone of your metallurgists about pURAFLEX 
NAME 

COMPANY 


: STREET 
Sheet... . up to 0.062” thick 


” -: city ZONE STATE 
Wire... up to %e”" diameter (approx, ) 





lesaaeecseeeson 
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— Whati goimg on IM, 
NON-FERROUS METALS 


- «- solder made on automatic machines 


is more precisely compounded and free 
of flaws. Used increasingly for printed 
circuits (as pictured at right) in the elec- 
tronics field, for sheet metal work, and 
for general soldering everywhere in 
industry. Called CASTOMATIC® solder, 
it is made on patented machines, by 
Federoted only. Write for 36-page 
“Solder” brochure. 





.. + Sheet lead for 
radiation protection 


is used in the new Deep Therapy room 
of Seattle's Swedish Hospital. Feder- 
ated supplied metallurgical help and 
all the lead. Through Federated, Amer- 
ican industry has access to the ac- 
knowledged center of lead research 
and technical service. Ask for 48-page 
“Lead Handbook”. 





... zine dust for the 
chemical industry 


is an effective chemical reducing 
agent; yields salable by-products; 
costs less than other reducing agents. 
It is also used in paints which pro- 
tect against corrosion. 





Federated people work constantly with copper, tin, lead, zinc and other non- 
ferrous metals. The compary makes thousands of non-ferrous items. That is why 
it has earned the name “Headquarters for Non-ferrous metals.” 


Sedouided WNltiae 


(eerie 
DIVISION OF AMERICAN SMELTING AND REFINING COMPANY tol unt lhe 
120 BROADWAY, NEW YORK 5, N. Y. coors 


IN CANADA, FEDERATED METALS CANADA, LTD., TORONTO AND MONTREAL 


ALUMINUM, MAGNESIUM, BABBITTS, BRASS, BRONZE, ANODES, ZINC DUST, 
DIE CASTING METALS, LEAD AND LEAD PRODUCTS, SOLDERS, TYPE METALS 
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Characteristics of Creep* 


HE PAPER is essentially a con- 

densation of a number of articles 
written by W. A. Wood and his co 
workers. It describes how the crystal 
structure of metals, such as alumi 
num, changes during high-temper 
ature deformation. Contrary to the 
results for short-time tensile tests at 
room temperature, no strain hard 
ening and no distortion of the grains 
occurs in steady-state creep As the 
temperature is raised, fewer and 
fewer slip lines are observed until 
flow without observable slip takes 
place. Probably the most character- 
istic structural feature of creep is 
the formation of sub-boundaries. It 
is observed that small subgrains 
form soon after the load is applied 
They grow during primary creep 
until they reach an equilibrium size 
at the end of the primary stage of 
creep. During secondary creep, the 
creep strain rate and the size of the 
subgrains remain essentially con 
stant. When the specimen finally 
fractures during ternary creep, it 
1S observed that the ovet all sub 
structure has not changed. The 
specimen merely breaks on account 
of the weakening of a local region 

The subgrain size is best indi 
cated by X-ray diffraction measure 
ments. A_ reflection spot of an 
annealed grain breaks down into a 
number of smaller spots during pri 
mary creep, indicating that sub 
grains have formed within the in 
itial grain. Both the size of these 
subgrains and their orientation rela 
tionships are deduced from the X-ray 
pattern. Subgrain sizes may be meas 
ured also from micrographs of the 
deformed material. The X-ray meth 
od, as well as the optic al method 
shows that the subgrains may be as 
small as 10~* cm 

The conditions under which sub 
boundaries form during creep are 
considerably different from those un 
der which they form during recovery 
in ordinary annealing. Sub-bound- 
aries can form during creep at tem 
peratures that are too low for them 
to form in ordinary recover;ry For 
example, in aluminum of 99.8% pur 

(Continued on p. 142) 


*Digest of “Creep Processes”, by 
W. A. Wood, Symposium on Creep 
and Fracture of Metals at High 
Temperatures, May 31, June 1 and 
2, 1954, National Physical Labora- 
tory, Teddington, England. 
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Annealing copper wire necessitates cooling 
in an oxygen-free atmosphere to prevent 
harmful oxidation. For the required pro- 
tective atmosphere in this process, the 
Belden Mfg. Co., Chicago, IIl., generates its 
own inert gas. But the generating equip- 
ment formerly used by Belden did not 
operate reliably results were erratic 
So Belden installed two Model MIHE 
Kemp Inert Gas Generators to handle 
this important job 


And Kemp Handles the Job 
These two Kemp units assure Belden of a 
dependable inert supply. They deliver a 
more constant flow at the rated pressure 
have been operating smoothly and 


satisfactorily since installation. Kemp's 
ability to produce a chemically clean inert 
specific analysis regardless of 
demand eliminates the danger of fluctua- 


tion at a critical stage 


Kemp Units Engineered for Service 
Like Belden, you specify reliability when 
you specify Kemp. Every Kemp design 
includes the Kemp Industrial Carburetor 
for complete combustion without tinkering, 
without waste . . . for simplified installation 
and maintenance. Every Kemp design 
includes the very latest fire checks and 
safety devices. Annealing, hardening, sint 
ering—whatever your problem, find out 
today how Kemp engineers can help you 


at a 





. 


CARBURETORS 


METAL MELTING UNITS 
SINGEING EQUIPMENT 





Generator on first floor of 
plant is enclosed in wire 
cage to prevent tampering 
with controls. 


For more complete facts and technical inter - 
mation, write for Bulletin !-10 to: THE C. M. 
KEMP MPG. CO., 405 East Oliver Street, 
Baltimore 2, Md. 


INERT GAS GENERATORS 


suentes + FIRE CHECKS 


ADSORPTIVE DRvERS 
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Interesting 
Metal Structures 
Come to Light 


2. 







4 << 
ty 





Saal 


(Top) Aluminum grain structure, 
showing spiral dislocation, 
Parlodian replica. Chrome 
shadowed. 


Mr. Robert Mapes, Metallographer 
at Reynolds Metals Co., Richmond, 
Va., operating the new RCA EMU-3A 
Electron Microscope, with Dr 

John T. McCormack, Metallurgica! 
Consultant, looking on. 


(Right) Aluminum grain 
showing whb-groin siruc- 
ture. Parlodian replica, 
Chrome shadowed. 


... With the 
RCA ELECTRON MICROSCOPE 


In fundamental research with the electron microscope, Reynolds 
Metals Company examines metal structures by surface replica 
techniques and contrasts enhanced by “shadowing” with a thin 
film of chromium. Structures too small to be seen with the light 
microscope are clarified and features revealed by electron micro- 
graphs. Such studies are leading to improved performance and 
fabrication characteristics in the metals. 


The electron microscope also is used on ferrous metals for 
quantitative measurement of grain size, undissolved carbides, 
retained austenite and other secondary phases. 


Ideal for basic research and development work, the new EMU- 
3A and EML-1A Electron Microscopes provide magnification 
and resolution higher than ever before possible and include 
many advanced engineering features. We invite you to find out 
more about this revolutionary new RCA equipment as a solu- 
tion to your research problems. Installation supervision is 
supplied and contract service by the RCA Service Company is 
available if desired. 


Fer further information write to Dept. 0-72, Building 15-1, Radic Corporation 
of America, Camden, N.J. In Canada: RCA VICTOR Company ltd., Montreal 


RADIO CORPORATION 
/ of AMERICA 
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Creep Characteristics . . . 


ity and of 0.1 mm. grain size they 
form between 300 and 355° F. At 
these temperatures they can migrate 
large distances that cannot be 
achieved at the highest temperatures 
usable in ordinary recovery 

The equilibrium subgrain size that 
is reached at the end of the primary 
stage of creep depends mainly on 
temperature and strain rate in a cer 
tain material. It increases as the tem 
perature is raised or the strain rate 
lowered. The mechanical strength is 
closely related to the sub-grain size 
it is found to decrease with decreas 
ing size of the cells. Evidently, the 
resistance to deformation is due to 
the sub-boundaries and not to pos 
sible barriers inside the cells. As the 
cell size reaches its equilibrium valu 
at the end of the primary stage of 
creep, the resistance to deformation 
also reaches a constant value 

Another important aspect of creep 
is the relation between creep strain 
and structure. Strangely enough, it 
is often observed that the over-all 
grain size and grain shape do not 
change even if the total elongation 
of the specimen is 100%. This is con 
trary to the standard deformation at 
room temperature where the total 
elongation of the specimen generally 
equals the average grain elongation 
As the temperature is raised, the 
standard process of grain extension 
becomes inactive while grain-bound 
ary flow sets in. It is observed that 
regions at the grain boundary may 
strain 100%, due to grain boundary 
flow, while the interior of the grain 
remains unstrained. 

The structural changes that occur 
during creep may vary considerably 
for different materials. Aluminum 
and tin represent one extreme where 
deformation at high temperature 
produces structural changes quite 
different from those caused by the 
standard deformation at room tem 
perature. In other metals, like lead 
copper, alpha-brass and zinc, the 
difference is less pronounced 


Reviewer's Comment 


The main merit of the paper lies 
in describing creep phenomena 
rather than explaining them. To in 
terpret his observations, the author 
introduces or uses a number of con 
cepts that are somewhat hypothet 

Continued on p. 144 





Sandvik Spring Steel’s 


gives you continuous quality production 


al 0 Nee 


a 
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ant 


ik’s ability to repeat specialized quality and precision, 
il after coil, gives you consistent production results 
Your quality control is easier because of Sandvik’s rigid 
control of composition and processing. Continuous accuracy 
plus uniform physical characteristics mean fewer rejects, longer 
cool life, matched performance of the finished parts 

















for Textile 
Band Sows 
e Clock 


Sandvik Swedish Specialty Strip St 
Machine Parts such as sinkers, 


Sandvik Swedish specialty cold rolled high carbon strip 


inetd wand end bathed ¢ steels are available 
















and Watch Springs * Compressor Valves * Doctor Blades * e In special analyses for specific applications 
Feeler Gauges * Knives such as cigarette knives, surgical e Precision-rolied in thicknesses to fit your requirements. 
iaceeaieats etc. * nen Blades ; gh vere ——. @ In straight carbon and alloy grades. 
a ee ey ee eee eet ln nad e Annealed, unannealed or hardened and tempered 
Piston Ring Segment and Expanders, etc. ~ 
@ Polished bright, yellow or bive. 
compete GGe GuALITY CWEOISN AGNI e With square, round or dressed edges. 
FOR SPE ED ELECTRICAL PURPOSES — Direct . e Wide range of sizes in stock—also slitting facilities available 





: Ask your nearest Sandvik office for further information 
Sandvik unalloyed magnet iron has yo office for f fo 


superior magnetic properties—lou or technical assistance 
coercive force, bigh permeability 


and good stability after aging. It SANDVIK STEEL INC. 
has excellent bending capacity 009 een 
which eliminates intermediate COSHEN AVE., 1. ¥. 10, ¥. Witting 9-7168 
annealing 
Available in cold rolled strip in thicknesses from CHICAGO @ CLEVELAND 
0008" to approximately .197, in widths up to 
approximately 8”. In exceptional cases widths up to WEST COAST OFFICE & WAREHOUSE 
11-13/16" can be supplied. Available in drawn 3609 E. Olympic Bivd Los Angeles 23, Col 


wire up to 19/32” diameter. Contact Sandvik for 


ANgelus 3-676! 
further details 
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KENNAMETAL 
with the hardest steel 


In mechanical devices, deflection of parts under load 
is always a problem. Consequently, one of the most 
important measures of serviceability of any material 
is its Young’s Modulus of Elasticity . . . the extent to 
which the material will deflect under load. 


Compare, for instance, the Young’s Modulus of 
Elasticity of the hardest known alloy steels with that 
of Kennametal. Steel has a YME of approximately 
30 million p.s.i., compared to Kennametal’s 90 million. 
Under a given load, Kennametal will deform only 
L¢ as much as steel. Or, to reach the same degree of 
deflection, you can load a Kennametal part from two 
to three times as much as the part made of steel. 


This characteristic of Kennametal, in addition to its 
extreme hardness, high strength and resistance to 
corrosion and abrasion, is being used to great advan- 
tage in a variety of applications. Why not put it to 
work for you? For additional information and a copy 
of Bulletin C-53, write: KENNAMETAL INc., Latrobe, 
Pennsylvania. 


*Kennametal is the registered trademark of a series of hard 
carbide alloys of tungsten, tungsten-titanium and tantalum. 
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Creep Characteristics . . . 


ical. For example, he uses the term 
“slip-less flow” and proposes a 
mechanism whereby deformation in 
aluminum at higher temperatures 
takes place without slip. However, 
there are other possible explanations 
for the apparent disappearance of 
the slip lines at higher temperatures 
One of them is that the spacing of 
the glide lamallae becomes too 
small to be resolvable with the light 
microscope. One investigator has 
demonstrated with electron micro- 
graphs that the spacings of the glide 
lamallae do indeed become smaller 
with increasing temperature al 
though the spacings between slip 
bands, which appear as slip lines 
under a light microscope, become 
larger. 

Another explanation of the dis 
appearance of slip lines at higher 
temperatures is that the formation of 
an oxide film on the surface of the 
specimen prevents dislocation loops 
or slip from penetrating to the sur 
face. C. S. Barrett (Acta Metal 
lurgica, Vol. 1, No. 2, 1953) has 
shown that dislocation loops will 
break to the surface when the oxide 
film is being removed by etching 
The author then introduces the terms 
“single” and “multiple” slip by which 
he does not mean what is ordinarily 
understood under these terms, name- 
ly, glide by a single or by several 
slip systems. He uses these terms to 
describe the amount of glide on a 
single slip plane and implies that the 
amount of slip on a single glide plane 
suddenly becomes very small at high 
temperatures, It is difficult to accept 
this view since, on the basis of dislo 
cation theory and from experimental 
evidence, the amount of slip on a 
single slip plane should slightly in 
crease and not rapidly dec rease with 
temperature. 

The author's explanation of the 
formation of subgrains seems open 
to criticism too. It is not likely that 
individual grains will “break down” 
spontaneously as the author sug 
gests. Dislocations that are already 
in the material or that are being gen 
erated by the deformation will rather 
diffuse together to form small-angle 
boundaries; and these small-angle 
boundaries will then grow in order 
to lower the free energy of the grain 
Currently, this seems to be the gen 

(Continued on p. 146 











ROTOBLAST TABLE-ROOM. Vapor Heating Corp., Chicago, saves 10 man-hours per 
unit with Pangborn Rotoblast Table-Room. 


There are two simple reasons why 
Pangborn Rotoblast gives you faster 
and cheaper blast cleaning. Rotoblast 
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tigate Pangborn Rotoblast now. 
Write for Bulletin 214 to: PANGBORN 
CORPORATION, 1800 Pangborn 
Bivd., Hagerstown, Md. 





ROTOBLAST BLASTMASTER BARREL. Gisholt Machine Co., Madison, Wis., has cut clean- 
*U. S. Pot. #2184926 (other potents pending) ing costs 33% with its Pangborn Blostmaster Borrel, 


Pangborn you need 


BLAST CLEANS CHEAPER Pangborn 
f' Fe. 4 ’ " r L > 7 ia 
Et B [ } Ca 
ew Hi ® 
= “ ed Te Rotoblast 
Rotobiost Blastmoster K Rotoblost Tobles Special Biost Rooms Pangborn Dust M alleobrasive® 


& Confinvows-Fio Barrel & Toble-Rooms & Cabinets Control Equipment Shot & Grit 








HEAT AND CORROSION 


MISCO 1 tisisran 
TRAY 


Yield MAXIMUM EFFICIENCY 
in 1000 to 2300’ F. Service 





A DESIGN For Every Condition— 
BRAZING, ANNEALING, NORMALIZING, 
CARBO-NITRIDING, GAS CARBURIZING, 
DRY CYANIDING, MALLEABLIZING 


MISCO's engineering and metallurgical personnel have 
successfully solved numberless problems of tray design 
and alloy selection to withstand endless variations of 
load, temperature, atmosphere and support. Let Misco 
experience work for you. 


i; MISCO FABRICATORS, INC. 


~ ) ti Designers, Builders, Fabricators of Heat Resisting Alloy 
* and Stainless Stecl Equipment 


1999 GUOIN STREET + DETROIT 7, MICHIGAN 
TELEPHONE LORAIN 7-1545 


In Canada it's Misco Fabricators of Canada, Lid., Welland, Ontario 


METAL PROGRESS; PAGE 146 











Creep Characteristics . . . 


erally accepted view Finally, it 
should be said that further work is 
needed to explain why grain size and 
grain shape do not change in creep 
even if the deformation of the speci 
men is as large as 100%. This ph 
nomenon may be due to continuous 
recrystallization rather than to the 
mechanism proposed by the author 


4. W. Cocnarp1 


Properties Needed in 
Creep Resisting Alloys* 


Jpecrentms required in creep re 


sisting alloys are described, as are 
the basic principles that have to be 
considered for their development 
and application The paper deals 
especially with the essential part 
played in the resistance to reep by 
fine precipitates of additional phases 
and the importance ol heat treat 
ment by which the nature, size and 
distribution of these precipitates can 
be controlled 

The authors recognize the need 
for easy fabrication and shaping into 
a final form, and consider the cast 
ability, forgeability and weldability 
of alloys as these are re lated to « om 
mercial application 

Creep resistant alloys must also 
have satisfactory resistance to corro 
sion, fatigue and thermal shock. The 
order of importance of these prop 
erties will depend upon the par 
ticular application In some instances 
the corrosion problem may be solved 
by suitable surface coatings 

Creep resistance is defined as 
the resistance to deformation under 
the action of a load at constant 
temperature. In practice the material 
at elevated temperatures should not 
strain more than a certain value gen 
erally less than 1%, during the ex 
pected life, and rupture should not 
occur. ¢ reep resistant materials are 
nearly always alloys. For these, the 
fundamental criterion of resistance 
to creep is evidently chemical com 
position, Alloying elements may act 
in different ways 

(Continued on p. 148 

*Digest of “Basic Principles of a 
Creep Resisting Alloy”, by A. Con 
stant and G. Delbart. Symposium 
on Creep and Fracture of Metal 
at High Temperatures, May 31, 


June 1 and 2, 1954, National Physi 
cal Laboratory, England 
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Atomic layers of metallic sodium can be coated on the surface 
of finely divided solids such as salt, soda ash, carbon, alumina, 
metal oxides and sand. The coated solids are free-flowing, can 
be used in fixed beds or fluidized systems, or can be suspended 
in. hydrocarbons. The amount of sodium present depends on the 
particle size of the carrier, e.g., carbon black carries over 35%. 

The tremendous surface-to-weight ratio of sodium provides 
complete and rapid reaction at temperatures above and below 
sodium’s melting point. This easily-handied, easily-controlled 
form may be your answer to problems such as: 


1.—Reduction of metal salts, Ti, Zr, Fe, Pb, Zn, Cu, Ni, Pt, etc. 


Metailic Sodium is manufactured by 
National Distiliers Chemical Co. 
at Ashtabula, Ohio and sold by: 


99 Park Avenue, New York 16, N.Y 


NAME 


DUSTRIAL CHEMICALS CO. | 


Divisions of National Distillers Products Corporation 
Branches in principal cities 


PLEASE SEND ME INFORMATION ON SODIUM FOR 





PURIFYING 
HYDROCARBONS 
AND ETHERS 


YOUR 
PROCESS 


SY 


2.—Purification of gases, hydrocarbons and ethers. 
3.—Preparation of NaH and NaNHz for in situ use. 


4,—Catalyst for hydrocarbon cracking, polymerization and re- 
arrangement reactions. 

Although sodium coated solids can be handled safely in air, 
they should be prepared and used in closed systems to obtain 
high yields. High surface area is the key to the efficiency of 
sodium in this form. Hence, the title for our booklet “High 
Surface Sodium”. A copy is yours for the asking. 

We supply sodium in brick form, cast solid in drums and in 
tank cars and offer technical assistance on its use. 
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Thousands of these rugged, heavy duty furnaces 
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forging, shaping, pressing, bending, short end or 
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and triple slot types. Write for Bulletin 431. 

We also build rotary forge furnaces—gos, oil 
or electric heated. 
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Bearing parts, carried in baskets, 
pass through 2 consecutive high-pressure, 
fan-shaped curtains of cleansing solution 
—then to high-pressure solvent blow-off. 
Solvent prevents rusting before and dur- 
ing final assembly. Either emulsion or al- 
kali cleaning solutions can be used. When 
designed for petroleum solvents, avto- 
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Creep Resisting Alloys 


1. By raising the temperature of 
rec rystallizs ition of the base material 
the most effective element being that 
which raises it the 

2. By the foreign 
atoms in solid solution in the lattice. 

3. By the formation of precipitates 
of additional phases 
trides 


most 


presence of 


carbides, ni- 
or intermetallic compounds 

This last the 
portant. Precipitates impede 
movement of dislocations 


factor is most im 
the 
Their ef- 
fectiveness is a function of their size, 
of their position in the lattice and of 
their stability 

The instability of a structure mani 
fests itself in different ways during 
the progress of creep 

1. By recrystallization of the mat 
rix; this is always 

2. By the 
cipitates, 


a disadvantage 
of the 


dec rease in 


coalescence pre 
leading to a 
creep resistance 

3. By the 
tate, 


sistance 


resolution of a precipi 


resulting in a decrease in re 


4. By the disappe arance of the 


phase with the appearance of a 
second phase which may be of great 
advantage if the second phase is 


more finely distributed and less 
prone to coalescence than the first 
5. By the appearance of a phase 


due to a process analogous to age 
hardening where an elernent present 
lattice 
These last two processes may be 


favorable 


in excess in the precipitates 


extremely 


to « reep, since 
the precipitates can be formed in 
the very neighborhood of the dis 


locations, which can be 


displaced 


and thus oppose creep. These have 
been applied to austenitic alloys, 
but their usefulness in ferritic steels 


did not seem to be fully appreciated 
With the the 
cipitates present before creep have 
taken into 
those that may form during the pro 


ferritic alloys, pre 


to be 


account as well as 


cess of creep 


It is necessary that the precipita 


tion occur in the grains themselves 
and not in the grain boundaries 
where it will cause embrittlement 


A slightly unstable 


Ww hich finely dispersed precipitates 


structure, in 


to coalescence are slowly 


vive 


resistant 


formed, will excellent creep 
properties 
Heat treatment 


on creep 


a vital effect 
resistance on 


has 
account of 
(Continued on p. 150 
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tensile strength. Weight savings up to 40% are possible in 
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life result from the easy machinability of forged parts 


Mueller Bross Co. is completely equipped to design parts 
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produced without re- pounding. svoasnteston. Be sary assembly operations. Write today for our free 
corded failure. placed part thet wos illustrated 32-page forgings catalog and com- 


giving constont trov 
ble; solved cost! 
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Creep Resisting Alloys 


its influence on the form and nature 
of these precipitates, as well as on 
the possibility of their formation 
during the process of creep. Th 
purpose of the heat treatment is to 
modify the chemical composition 
and distribution of the phases pres 
ent. Variation of solubility of the 
additional phases, the difference in 
solubility of one phase in the other 
and the possibility of obtaining 
different structures can all be 
affected by heat treatment 

For a 0.6% Cr, 0.6% Mo steel 
bainitic or martensitic structures 
(which are more resistant at low 
temperature and high stresses than 
pearlitic structures) lose their su 
periority at high temperatures. The 
tensile strength of ten specimens 
that had received various treatments 
revealed hard structures to be less 
resistant to creep than soft struc 
tures at low stresses, but the oppo 
site is true at higher stresses. There 
fore, knowledge of the TTT-curve 
can be of great use when determin 
ing the desired heat treatment for 
the various uses of the material 
and transformation in the bainiti 
or pearlitic ranges can be accom 
plished as desired 

For steels containing vanadium 
the direct formation of vanadium 
carbide by tranformation within the 
pearlitic range produces secondary 
hardening from a martensitic or 
bainitic structure. The precipitation 
is accompanied by expansion and 
is readily shown in dilatometer tests 
Dilatometer curves show inflections 
present from transformation and se« 
ondary hardening, which disappear 
with various heat treatments 

Suitabie choice of time and tem 
perature provides a simple method 
of controlling the size (and creep 
resisting characteristics) of vana 
dium carbides. Incomplete temper 
ing will produce a partial precipita 
tion that will continue during creep 
and is useful for short-term applica 
tions. For long-term applications it 
is imperative to cool slowly so as to 
produce good cold properties and a 
structure amenable to secondary 
hardening 

It is important to remember that 
the most useful elements for their 
creep resisting properties are those 
that form carbides at highest tem 

Continued on p. 152 
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accurate 


A manufacturer of hearing aids, using mag- 
nets in the form of sand-cast bars, found 
grinding and cutoff costs excessive . . . dimen 
sional control difficult . . . breakage high. 
Crucible engineers suggested producing 
the magnets to close tolerances by Accumet® 
Precision Investment Casting, using a special 
patented Crucible Alnico grade. Results? 
Costly finishing operations were almost en 
tirely eliminated, and magnetic properties 
improved. The manufacturer got a better 









magnet at a lower cost 

When you have a product requiring close 
tolerance, quality parts of any size, be sure 
to consider the advantages of Accumet Pre 
cision Castings. They are also available in 
stainless, alloy and cobalt-nickel base grades 
Your nearby Crucible representative can 
show you how they cut production time 
save you money. Crucible Steel Company of 
America, Henry W. Oliver Building, Pitts 
burgh 30, Pa. 
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Cooking up some 
profitable benefits for food processors 


Processing tomato juice or apple sauce .. . vinegar or chicken 
soup—cooking kettles must be ‘‘stain-proof’’. Stainless welds in 
particular must be chemically “right’’, physically sound. On both 
counts, because of careful quality control, Arcos Stainless Rods 
and Electrodes produce welds with these requirements. 

If corrosion resistant welds are essential to the processing 
equipment you make or use, you'll profit with Arcos. Here's 
why: Expensive trial-and-error selection is avoided. There's a 
properly formulated grade for each job. Costly rewelding is 
eliminated. The rigid quality standards in manufacture assure you 
consistent and dependable weld metal. And Arcos technical 
service adds extra promise of the results you want. On any cor- 
rosion resistant welding problem, get in touch with your Arcos 
distributor or Arcos Corporation, 1500 S. 50th St., Phila. 43, Pa. 
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Creep Resisting Alloys 


peratures by secondary hardening 
When another alloying element com 
bines with all the carbon present 
preventing the formation of the re 
quired carbides, the element to be 
used for creep resistance must be 
replaced by another element having 
a greater affinity for carbon 
E. S. Riper 


Relationship of Alloying 
to Creep Behavior* 


4 bees comprehensive and critical re 

view of the recent literature on 
the subject opens with a short intro 
ductory discussion of the theories 
that have been proposed to explain 
the “transient and steady states of 
creep , or the first and second stages 
according to American terminology 
The first stage is described as start 
ing from thermal fluctuations at the 
weakest points of a specimen or 
structure, where the capacity for 
deformation shortly becomes ex 
hausted. This exhaustion theory has 
been modified to include the con 
ceptions of “replenishment with 
elements of different activation stress 
during flow) and strain hardening 
accounting for the second stage of 
creep The resulting ideas lead to the 
conclusion that the effect of alloy 
ing on creep should be predictable 
in view of the known effects of 
solute atoms on strain hardening and 
thermal recovery 

In the discussion of solid solution 
alloys, numerous publications are re 
viewed to indicate what is known re 
garding the effects of lattice distor 
tion, as a result of alloving, on hard 
ness and other mechanical proper 
ties. Strain hardening is increased in 
a wide variety of solvent metals. Sev 
eral investigators have shown that 
the average number of electrons per 
atom, as well as lattice strain, a 
count for hardening. The tempera 
ture causing loss of strain hardening 
1S generally raised by small alloy 
additions, but as the alloying is in 
creased a maximum effect is passed 

*Digest of “The Effect of Alloying 
on the Creep of Metals”, by L. A 
Rotherham and L. G. Tottle, Sympo 
sium on Creep and Fracture of 
Metals at High Temperatures, May 
31, June 1 and 2, 1954, National 


Physical Laboratory, Teddington, 
England 








because the alloy lowers the melting 
point 

Diffusion is an important factor 
and high diffusion rates increase 
creep. Strain hardening of the grains 
by alloying may cause stress con- 
centration at boundaries and inter- 
granular rupture. Unfavorable atom- 
size of the solute metal, or a large 
difference in melting points between 
solute and solvent metal, may com- 
plicate the effect of the alloy on 
creep by peculiar grain-boundary 
relations 

In general, most investigations 
have shown a strikingly favorable 
effect of solute alloy additions on 
creep strength, especially with con- 
stant grain size. In many instances, 
where valences and atomic radii are 
allowed for, a linear relation has 
been demonstrated 

In the design of complex alloys for 
high creep strength the principal ob- 
jectives have been strengthening by 
solid-solution hardening, introduc- 
tion of precipation hardening, and 
increasing the thermal softening 
temperature and the resistance to 
overaging. The thermal recovery 
temperature is generally raised more 
effectively by several alloying ele- 
ments, each present in small quan- 
tity, than by a larger addition of one 
element which may lower the melt- 
ing point too mu h 

The proper combinations of added 
alloys are also important. Many 
alloying elements improve the creep 
resistance much more effectively in 
steel than in iron. The temperature 
for maximum strain-age hardening 
or elastic limit is progressively raised 
by consecutive additions of carbon, 
manganese, molybdenum, vanadium 
and titanium, each being most ef 
fective when added subsequently to 
those previously listed. This is ex- 
plained on the basis of relating dif 
fusion rates with slip dislocations 
each solute having a suitable rate 
of diffusion for best resistance to 
dislocation at each stage of creep 
deformation. This concept is con- 
sidered to supersede the previous 
view that precipitation phenomena 
are most important for improving 
creep strength. The effectiveness of 
complex alloy additions is not ques- 
tioned. It is pointed out that even 
distribution of the solute elements is 
important, and segregation, especial- 
ly at grain boundaries, should be 
prevented 


Some of the conclusions reached 
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Arcos products for welding aluminum 


Are you looking for a way to reduce costs and improve results 
on welding aluminum? Then consider how Arcos may help you: 


First, with new products. Arcos now offers coated and bare 
aluminum rods and electrodes in a variety of grades. Also avail- 
able in coiled, cut and spooled forms. This means accurate 
selection for each job. Second, with quality controls. To get 
sound welds there’s no substitute for the high Arcos standards 
applied to raw materials and manufacturing procedures. Third, 
with technical service. Helping you get low-cost, trouble-free 
aluminum welds is a prime responsibility of Arcos. This help is 
based upon years of experience with weld metallurgy. 


To get started, write today for an Arcos Aluminum Application 
Chart. Arcos Corporation, 1500S. 50th Street, Philadelphia 43, Pa. 
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Design Engineers are taking advan- 
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lent formability of Alloy Wire, Rod 
and Strip. Results: Better products, 
smaller and lighter products, prod- 
ucts that are more corrosion-resistant, 
more heat-resistant, more attractive 
—and more economical. 

Alloy Metal Wire Division can 
supply you with high quality wire, 
rod and strip in Stainless Steels, 
Nickel Alloys and Electrical Resist- 
ance Alloys. Why not put these ver- 
satile materials to work for you? 


SEND FOR FREE 
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Alloying and Creep 


by the authors in this study are 
1. The hardening effects of lattice 
distortion in binary alloys can often 





be used to indicate the solute atoms 
that are likely to improve creep 
resistance 

2. Solute atoms that raise the 
thermal recovery temperature but do 
not lower the solidus temperature 
re best for creep resistance 

3. Too high a diffusion rate can 
be expected to increase creep 

4. Nonuniform concentration of 
solute atoms between grains ind 
their boundaries may lead to inter 
crystalline cracking in creep 

5 Complex alloys give creep re 
sistance over a wider range of con 
ditions than binary alloys do 

6. Metallographic structures may 
not be primarily important, but only 
the result of the presence of correct 
solute elements in appropri ite qu il 
tity and dispersion 

Sixty-six references and three sug 
gestions for further work ar ip 
pended to this papel The latter in 
clude suggestions for the determina 
tion of the effects of solute atoms on 
lattice distortion and strain harden 
ing, creep tests on alloys close in 
composition to te mperature ce pe nd 
ent solubility lines compared with 
similar alloys just within the precipi 
tation hardening region, and deter 
mination of plastic flow in a com 
plex alloy compared with similar 
measurements on the corresponding 
binary and ternary system 


Crorce F. Comsrock 


Creep and Aging 
at High Temperature” 


HERI is reasonable agreement 

among metallurgists that creep in 
crystalline solids arises from the 
movement of dislocations through 
the lattice. Cottrell suggests an in 
teresting and stimulating corollary 
that the motion of dislocations dur 
ing creep is dependent in several 
different ways on various types of 

Continued on p. 156 

*Digest of “Creep and Aging Ef 
fects in Solid Solutions”, by A. H. 
Cottrell, Symposium on Creep and 
Fracture of Metals at High Tem 


peratures, May 31, June 1 and 2, 
1954, National Physical Laboratory, 


Teddington, England 











Switch to SSW forged rings 
in bearing assembly adds to 


INNER RING RING GEAR 


Three forged rings which are the major parts of this bearing 
assembly for a naval gun director contribute to required 
“ultra-accuracy.”’ By switching to Standard Steel forgings in 
two of these rings General Electric Company, Pittsfield, 
Mass., gets a// these benefits. 


1. The 57-in. O.D. turntable forged ring (formerly a casting), 
improves uniformity and stability of the metal, its machin- 
ability, and reduces required machining. 

2. Proper heat treatment and precision machining give ex- 


treme smooth rotation on the roller bearings and accurate 
positioning without backlash 


“ultra-accuracy”’ of naval gun director 


3. Production has been simplified and speeded up and fabri- 
cation costs reduced 

4. The stationary 50-in. O.D. inner ring eliminated a weldment 
consisting of five rings cut from steel plate 


5. These rings cost less than cast rings in the quantities needed 


You, like General Electric, will benefit by using Standard 
Steel Works forgings. It'll be to your advantage to check how 
profitably SSW forged rings can replace weldments and cast 
ings. Why not write today for more information? Pleas 
address Dept. 8724, Standard Steel Works Division, Baldwin 
Lima-Hamilton Corp., Burnham, Pennsylvania. 


Standard Steel Works Division 
Burnham (Mifflin County), Pa. 


BALDWIN -LIMA-HAMILTON 


General Offices: Philadelphia 42, Pa. + Offices in Principal Cities 
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a Waltz Heat Treating 


Plant Now you can do it yourself in 
your own shop with your own heat treating 
department that can be tucked away in a 
corner no bigger than a utility kitchen. 
Sending ovt parts for heat treatment is an 
unnecessary cost, adding to materials- 
handling expenses and production delays 
caused by waiting for outside services. 
And the Waltz complete heat treating unit 
will make the same profit FOR you as the 
outside service collects FROM you. 

This versatile investment heat treats, 
quenches, draws, stress relieves, normal- 
izes, anneals. Enjoy these heat treating 
facilities right in your own shop. 


Features include: 


1. Heating furnace with range of 1000° to 2400° F, auto- 
matically controlled. (Dimensions: 12” wide x 10” high 
« 18° deep) 

2. Tempering of drawing oven is recirculating type with 
range of 250° to 1100° F, avtomatically controlled. 
Alloy steel lined with perforated shelf. (Dimensions: 21” 
wide « 10” high x 18” deep.) 

3. Two quench tonks for oil and water. By means of dov- 
ble wall construction, oil tonk is entirely surrounded by 
woter for cooling the oil, thus producing more uniform 
quenching. 

4. Foot treadles operate furnace and oven doors so thot 
hands are free for work. 

5. Automatic, electronic-type controls. 

6. Shipped ready to install by simply connecting gos ond 
power line. 
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Creep and Aging... 


atomic migrations. Then, on the 
basis of analyses that confirm this 
theme, he makes several proposals 
regarding potential development of 
highly creep resistant alloys 

Recovery—The effect of cold 
work is believed to result in the in 
troduction of vacancies due to the 
crossing of intersecting screw and 
edge types of dislocations. The 
atomic concentration of vacancies is 
about 10-* times the strain. The 
nonperiodic electric fields in the re- 
gion of vacancies cause electron scat- 
tering and therefore an increase in 
electrical resistivity. But after an ap 
propriate recovery anneal, the elec- 
trial resistivity can be almost com 
pletely restored without causing any 
significant decrease in the work 
hardened yield strength. This sug 
gests that vacancies offer practically 
no resistance to the motion of dis 
locations. The increase in the self- 
diffusibility of iron during creep 
emphasizes that vacancies are intro 
duced by plastic deformation. But at 
elevated temperatures such excess 
vacancies can diffuse out of the lat 
tice. Consequently the excess va 
cancies present during steady ce 
formation at elevated temperatures 
should be proportional to the strain 
rate rather than the strain 

Atomic migrations stimulated by 
the presence ot excess Vacancies Can 
cause recovery. Evidence of such 
rapid recovery was presented for 
high-purity single crystals of alumi 
num that were pre-strained at 78° 
K., unloaded, and then strained at 
273° K. At 273° K plastic flow be- 
gan with an abrupt drop in vield 
strength of several percent. Since 
the abrupt drop in yield strength 
could be eliminated by a low-tem 
perature anneal, the phenomenon 
could not be ascribed to anchoring 
of dislocations by solute itmospheres 
It was concluded that the introduc 
tion of vacancies during straining at 
273° K. resulted in catastrophic re 
covery of the cold worked state in 
troduced at 78° K. It was necessary 
to anneal for 100 min. at 373° K. to 
produce the Same recovery ettect in 
the absence of straining 

Several investigations reveal that 
the most creep resistant alloys are 
also those that are most resistant to 
recover,Ty It has been demonstr ited 


Continued on p. 158 
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aie Making heat perform better 
is a Salem-Brosius specialty 
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This new installation of Salem-Brosius rectan- 
gular, gas-fired soaking pit furnaces conditions 
steel ingots for further processing— works 
around the clock for one of the country’s out- 
standing steel makers. Ingots are heated faster, 
more uniformly and at lower cost in these 
furnaces. Double-pass, metallic, needle-type 
recuperators that preheat combustion air and 
reduce fuel costs are an outstanding feature of 
the design. Low maintenance, easy operation 
and long service life are standard with Salem- 
Brosius designed furnaces 

Salem-Brosius engineers are specialists in per- 
formance and control of heat in manufacturing, 
offering furnaces custom-built to your require- 
ments. Salem-Brosius furnaces assure you maxi- 
mum high-quality output at minimum initial, 
operating, and service costs. 

We would like to tell you more about the 
efficiency of these new units, and also about the 
well-known Salem-Brosius circular soaking pits 

If your modernization or expansion plans call 
for heating or heat treating furnaces of any 
kind, furnace charging or forging manipulation 
equipment, valves, or hot materials handling 
machinery; write, wire, or phone Salem-Brosius! 
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From Vacuum Melting—improved alloys with exceptional properties 
..- higher PRODUCTION YIELD, for example 


The greater purity and uniformity of vacuum 
melted metals means substantially higher pro 
duction yields in your plant fewer inspection 
rejects, In ball bearing manufacture, for example, 
inspection loss was cut from 50% to 3% when 
vacuum-melted metals were used. 


That's because vacuum-melted metals are free 
of nonmetallic inclusions better physically 
closer to their theoretical limits of perform 
ance. For in vacuum melting, gaseous impurities 


are literally sucked from the molten metal. Com 


VACUUM METALS CORPORATION 








position limits are more closely held fabrica 
tion characteristics improved 


Vacuum Metals Corporation, pioneer in de 
velopment and leading producer of vacuum 
melted metals, now has them available in tool, 
high-speed, stainless and alloy steels — in most 
sizes and grades — as well as special ferrous and 
nonferrous alloys. If you have a metals problem 
that vacuum-melted alloys might solve, please 
describe it in as much detail as possible. Write 
Vacuum Metals Corporation, P. O. Box 977 
Syracuse 1, N. Y 


Jointly owned by Crucible Steel Company of America and National Research Corporation 
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| 2ow LEMPco CF 


2-POST BALL BEARING * at F DIE SETS 








ARE PRICED DOLLAR-FOR-DOLLAR WITH 





COMMERCIAL PLAIN BUSHING DIE SETS! 





IMMEDIATE DELIVERY FROM STOCK. 





LARGE «SPECIAL -LEMPCO BALL 





BEARING DIE SETS NOW QUOTED AT 








DRASTICALLY REDUCED PRICES! 





DELIVERY: Within 5 DAYS-**SPECIALS, 10 DAYS. 





it’s true; now you can buy the die sets which are known to be the best, af 
REGULAR prices. Famous Lempco Anti-Friction Die Sets out-perform all other 


makes. Save you money, time and trouble. 
Lempco’s rapidly growing die set VOLUME makes this price reduction possible. 


SEE US AT THE WESTERN METALS SHOW .. . Booth No. 664 


WRITE FOR LEMPCO’S BIG NEW (7th Edition) CATALOG AND LATEST PRICE LIST 3 
NOW BUY THE BEST IN DIE SETS—FOR LESS 


LEMPCO PRODUCTS, INC., BEDFORD, OHIO Y » 
LEMPCO 


INDUSTRIAL DIVISION 









You 
Get 


SERVICE TWICE 


when 


ey 


-+— you order 
BARRETT Cylinder 


Anh ydrous Ammonia 























When you place an order for 
Barrett Brand Ammonia, you 
deal with one of the many deal- 
ers who supply America from 
coast to coast. These men are 
your local dealers; local busi- 
nessmen whose interests lie in 
your community; whose liveli- 
hood depends on how well they 
serve you. 


Backed up by the coordinated 
facilities of Nitrogen Division re- 
search, production, service and 
technical development, these 
dealers give you more than 
merely Ammonia. They give 
you the advantages of local in- 
terest, enthusiasm and coopera- 
tion combined with the produc- 
tion and service facilities of 
America’s largest producer of 
Anhydrous Ammonia. 


Next time you need a cylinder 
of Anhydrous Ammonia, call 
your local Barrett Brand dealer. 
He has 150, 100 and 50-Ib. cylin- 
ders. If you need larger than 
cylinder quantity, he will quick- 
ly arrange delivery! 


IN AMMONIA SINCE 1890 


Creep and Aging 


that the order of increasing creep 
resistance in binary ferrites is the 
order of increasing resistance to re- 
covery, whereas the tensile prop- 
erties at room temperature follow a 
different order. Under creep condi- 
tions, however, recovery rates are 
accelerated owing to the excess va- 
cancies that are produced. Recovery 
at high temperature probably arises 
from a dislocation climb process in- 
volving diffusion of vacancies, 
whereas recovery at low tempera- 
ture might be due to thermal re- 
laxation of stresses in the vicinity of 
piled up dislocations. 

Strain-Aging Effects— Additional 
effects are present in solid solutions 
on account of interactions between 
solute atoms and dislocations. Solute 
atoms will preferentially migrate to 
those areas about dislocation cen- 
ters where the free energy is a mini- 
mum. At slow rates of deformation 
and sufficiently high temperatures 
these solute atom atmospheres can 
travel with the dislocations. At high 
rates of deformation and correspond 
ingly low temperatures the solute 
atoms cannot diffuse with the dis- 
location. In both of these instances 
the presence of solute atoms can 
have only a minor effect on the creep 
resistance. Over intermediate ranges 
of temperature and rates, solute 
atoms will lag behind the moving 
dislocation under the existing strain- 
energy gradient. The interaction 
energy released by this diffusion 
process is changed to thermal energy 
and therefore higher stresses are 
needed to move dislocations in the 
intermediate range. In this way it 
was possible to rationalize the humps 
observed by McGregor and Fisher 
in the flow stress-temperature curve 
of a manganese steel, and the 
plateau observed by Sherby, Ander- 
son and Dorn in similar curves for 
a series of aluminum alloys. Cor 
relations with creep tests reveal 
that identical strain-aging phenom- 
ena reduce the creep rate over ap- 
propriate temperature ranges. 

If the rate of dislocation slows, 
there is more time for atomic jumps 
to take place and thus further reduce 
the velocity of the dislocation; if a 
dislocation is accelerating, fewer 


©" NITROGEN DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Hopewell, Va.* lronton, Ohio* Orange, Tex.* Omaha, Neb. 


jumps can take place and the dis- 
location continues to accelerate. The 
(Continued on p. 160) 
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Let Armour Help Solve Your Metal Treating Problems 


Manufacturers get more than ammonia when 
they specify Armour. Since 1947 Armour has 
sponsored a fellowship at a leading technological 
university for the study of metal treating proc- 
esses using ammonia. The results of this research 
are available to you. Furthermore, the men of 
the Armour Technical Service Department are 
equipped to handle and answer any problems 
arising with ammonia installations for metal 
treating. Write today for free copies of the book- 
lets offered at right. If your problems are unusual 
Of pressing, write, giving full details 


t Additional savings are possible when you order tank truck 


quantities — service available in most areas 












ARMOUR 














Cut metal-treating costs 55% 
with Armour Ammonia ! 


This cost comparison chart illustrates how you can make this great saving 


by switching to pure, dry Armour Ammonia, as a source of hydrogen! 


Delivered base price. ......... . . « $18.50 per cyl. 


Volume per cylinder.......... oe Pere 4500 cu. ft. After dissociation 
Equivalent number of cyls........ es Se 1 
Handling labor (5¢/cyl.).......... Pt . » o eas $.05 
Stereage cost (46/eyh.) 2.2. ee cee ers Ae: 04 
Handling labor/100 cu. ff. ........ ee eer 6's 001 
Storage coet/100 cu. ff. 2. 2s cece. Bee etitcenss BR 
Cost of product/100 cu.ft. ........ OM Saye 6s 410 
Cost of equipment/100 cu. ff........ 4s byw ns 125° Amortized in 3 yeors 
Cost of electric power/ 100 cu. ft...... ee ee .060 
Dene Genes Pr OU wc owe oto De . ues « $.597 
Savings in operation’ 100 cu.ft... . . 448 
Percentage savings in operation cost. . . . 44% 
and after equipment is amortized, savings are . . 55% t 


* This figure arrived at by the following assumption: 500 cu. ft.- per hour dissociator 
costs approximately $4500 installed. Assume equipment to be completely amortized 
in 3 years, then amortized cost of equipment equals $.125 per 100 cv. ft 






HYDROGEN 





ARMOUR AMMONIA 





REMARKS 
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CLIP AND MAIL THIS TODAY! 


Please send me free copies of the booklets which | hove 


checked 























[] "Ammonia Cylinder installations for Metal Treating” 
[_] “Effective Use of Dissociated Ammonio” 

(_] “Case Hardening of Steel by Nitriding” 

[_] “A Survey of Industrial Carbonitriding Practice” 


(] “tnvestigotion into the Carbonitriding of Plain Corbon 
Steel” 


(_] "The Carbonitriding of Alloy Steels” 









[_] Tank truck service information 







Nome Title 





Firm 











Address 






City Zone State 


P3 
ARMOUR 
a, e Dui * 2 


Armour ond Company * 1355 W. 3let Street + Chicago 9, ill 
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arte 


Box A containing full furn- 
ace load of parts process- 
ing in work chamber. Box 
B—fully loaded, pre-heats 
in the upper vestibule. Box 
C—fully-loaded, waits on 





























Box A completely proc- 
essed, moves out to eleva- 
ator and is lowered into 
quench; bringing pre- 
heated Box B to loading 
level. Box B is pushed into 
heat chamber and door is 


closed. 


ISiep S-RELOADING CYCLE 


After proper interval, 
outer door is opened. Box 
Cis placed on upper eleva- 
tor and raised to pre-heat 
position as Box A is lifted 
from quench and removed 
from lower elevator. 























Sealed Cycles; double door seal 
affords complete flexibility of 
processing without exposing heat 
chamber to air contamination. 














Upper vestibule is easily adapted for slow 
cooling. Quench is adaptible for inter- 
rupted quenching. 


12045 Woodbine Ave., Detroit 28, Mich. 
Phone: KEnwood 2-9100 
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Creep and Aging... 


“slow” and “fast” stable ranges of 
dislocation speeds bracket the inter- 
mediate unstable range. These de- 
ductions can account for observa- 
tions on strain-aging effect during 
creep of zinc single crystals con- 
taining soluble nitrogen. During the 
primary stage, the creep rate de- 
creased abruptly and soon came to 
an end. The stress was then in- 
creased some 10% before creep again 
started. Yielding occurred in a series 
of sharp bursts, proving the phe- 
nomenon to be ascribable to a 
strain-aging effect. Thus, disloca- 
tions trapped at barriers might be re- 
leased by a recovery process in pure 
metals but they might be more or 
less permanently trapped there by 
strain aging in alloys. Consequently 
strain aging leads to a suppression 
of low-temperature recovery. 

The minimum temperature T for 
strain aging during deformation was 
estimated to be 

=m. #¢ (10*e) 
T=U/R log, sh 

t 
where R is the gas constant, U the 
activation energy for atom-vacancy 
exchange, * the strain and ¢ the 
strain rate. By estimating U to be 
about one-third the activation energy 
for diffusion, reasonable correlations 
were obtained with existing data on 
aluminum, copper and iron alloys 

The maximum temperature of 
strain aging might be considered to 
be caused by evaporation of solute 
atoms from dislocations or to rapid 
diffusion of the solute atmospheres 
with the dislocations. Neither of 
these possibilities coincides with all 
of the observations. 

Precipitation — Theoretically the 
greatest creep resistance might be 
obtained by using two distinct pre- 
cipitating phases, one initially pres- 
ent in stabilized condition to de- 
crease the initial creep strain and a 
second that can be induced to 
nucleate precipitation at dislocation 
centers during creep and thereby re- 
strain dislocations from climbing. It 
is well known that stabilized precipi- 
tates are utilized to produce the 
highest creep resistant alloys. Recent 
studies on carbon steels and steels 
containing Mn and Mo attest to 
the beneficial effects obtained under 
conditions that result in additional 
precipitation of molybdenum carbide 
during creep. joun E. Dorn 




















Are 
you 
aware... 


: 
A 





most aluminum die castings can be made on the low-cost 


LESTER HP-1-C? 


The group of aluminum die castings shown here 
ranges in overall size from a modest 7” x 4-3/4" toa 
respectable 11” x 8-5/8”. The comparable range of 
weight is 9-1/2 ounces to | pound 12-3/4 ounces. A 
conservative estimate is that this range includes about 
80% of all aluminum die castings being made today. 


The average die caster would probably schedule these 
castings on a 400 ton machine. 
Yet every single one of the castings 
shown was run on the Lester-Phoenix 
HP-1-C, rated at 200 tons of clamp- 


ing! Just think of the savings in machine-hour- costs 
that are effected by casting such parts on the com- 
paratively inexpensive HP-1-C. 


A vital part of the success of the HP-1-C is the one 

piece alloy steel frame, perfectly and permanently 
aligned. This assures an effective clamping pressure of 
well over the rated tonnage. 


Sid Wills, Shop Superintendent at Johnson Motors 
where most of these castings are being run on five 
HP-1-C’s, says “We like the HP-1-C’s. They're rugged, 
fast and easy to maintain.” Write for complete speci 


fications. IMMEDIATE DELIVERY. 


Lhe | ESTER-PHOENIX DIE CASTING MACHINES 


REPRESENTATIVES 


New York Steven F.Krovld Seattle 
Detroit M.R.Tenenboum Cincinnoti 
Chicago J. J. Schmidt Los Angeles 
Cleveland 
Coral Gables 


Perine Machinery & Supply Co , Inc 


Don Williams Son Francisco 
Morton Machinery Soles $1. Lovis, Milwaukee 


FOREIGN 


Teronte, Conede 
Index Machinery Corp Sydney, Australio 
Seaboord Machinery Co Japon 
J. Fraser Roe Stockholm, Sweden 
A. 6. Geers Bosle, Switreriond 


Modern Tool Works, Lid 
Scott & Holladey, iid 
Obvure & Co., New York, inc 
Aktiebolaget Servus 
Hermann Walt) 


distributed by LESTER-PHOENIX, INC., 2619-L CHURCH AVENUE * CLEVELAND 13, OHIO 
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Effect of “Early” Cracks 
on Mechanical 
Properties* 


cconpinc to the work of P. A. 
Rebinder and his co-workers, 
microcracks are generated and grow 
in both elastic and plastic deforma- 
tion of crystalline bodies. It can be 
assumed that at some stage of de- 
formation the microcracks change 


into rupture cracks and, depending 
on a number of factors, variously 
influence the mechanical properties 
of the material, In previous papers, 
the authors stated that in the pres- 
ence of nonuniform stresses, such as 
would be produced by twisting after 
the appearance of macroscopic 
cracks, plastic metals underwent sig- 
nificant additional deformation, and 
that these could, in principle, change 
the state of deformation in the proc- 
ess of rupture in comparison with the 
state of deformation before the ap- 





Standard or 


solve 
“your 
heat- 
treating 
problems 









Electrically heated, controlled 
atmosphere, rack-type magnesium 
alley heat treat ovens. 


Every Young Brothers Oven, whether standard type or 
special design, is engineered to meet the most exacting re- 
quirements. Leading manufacturers processing ferrous or 
non-ferrous metals are finding that Young Brothers Ovens 
improve the quality of their products at considerable savings 
in time and money. Many branches of the Armed Services, 
too, have approved the use of Young Brothers Ovens where 
heat treating applications are required. 


For over 50 years, Young Brothers Company has continu- 
ally developed batch and conveyor ovens for new processes, 
materials and products where heating requirements are not 
in excess of 950° F. The dependability of these ovens in 
thousands of installations is your assurance of finest results 
at lowest cost. Experienced engineers are available for 
consultation without obligation. Write for Bulletin 14-T 


on heat treating. 


YOUNG BROTHERS COMPANY 


Esteb. 1696 
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1829 Columbus Road 


Cleveland 13, Ohio 














pearance of the “early” cracks. 

In this report, consideration is 
given to how soon these cracks ap- 
pear during gradual plastic deforma- 
tion and how their development is 
influenced by the stress state. De- 
pending on the conditions of the 
experiment, the critical size of the 
“early” cracks and their influence on 
the mechanical properties of the ma- 
terial will vary over a wide range 
(for example, in the presence of an 
active medium). The present tests 
were done in air. 

The following methods were used 
to create and detect the “early” 
cracks: (a) A uniform field of cracks 
along the length of specimen was 
created by plastic twisting to vary- 
ing degrees ranging from 25 to 100% 
of the rupture strength; (b) dis- 
closure of the cracks that developed 
during twisting was accomplished 
by plastic stretching of the speci- 
men; (c) a “double specimen” was 
developed to permit stretching speci- 
mens that had been twisted the 
maximum amount. This specimen 
consisted of two testing sections in 
series in a single specimen about 
twice the usual length. During maxi- 
mum deformation by twisting, one 
section of this double specimen 
would break and the other section 
could then be tested in tension; (d) 
the fracture surfaces of a notch-sen- 
sitive steel such as 40KhNMA 
(0.4 C, 0.7 Mn, 0.3 Si, 0.7 Cr, 1.5 
Ni, 0.2% Mo) tempered at 390° F. 
showed clear evidence of early sur- 
face cracks when the specimens had 
been previously twisted to 35% and 
to 100% of maximum deformation. 
Such cracks were absent in speci- 
mens tested only in tension. When 
the same steel was made notch- 
insensitive by tempering at 1020° F. 
the surface cracks produced by 
twisting had little influence on the 
character of its fracture. 

Plots of deformation 
showed that the 


behavior 
notch-sensitive 
steel had almost zero ductility in 
tension after maximum deformation 
by twisting. After less severe twist- 
ing its ductility was fair in tension 
but was excellent in compression. 
The notch-insensitive steel showed 
fair ductility in tension even after 
A. G. Guy 
*Digest ef “Influence of Cracks on 
the Mechanical Properties of Ma- 
terial in Various Stress States”, by 
Ya B. Fridman, T. K. Zilova and 


N. Ll. Zhukova, Doklady Akademii 
Nauk SSSR, Vol. 84, 1952, p. 67-70. 


maximum twisting. 











Owned by Jessen Manufacturing Company, to- 
day's most advanced automatic screw machine 


uses Cities Service Cutting and Hydraulic Oil 


Weighing 39 tons and powered by a 60 H.P. motor, this 
6-inch, 6-spindle Acme Gridley Automatic Screw 
Machine is one of the only six now in existence and 
the only one owned by a job shop. Featuring a combina 
tion pneumatic-hydraulic operation, it can turn out a 
single load of stock weighing 3 tons! 

The owner is Jessen Manufacturing Company of 


Elkhart 


of new developments It’s not strange, therefore, that 


Indiana —since 1923 famous for keeping on top 


tor this idvane ‘ d new mac hine they chose a top qu ility 


a Cities Service cutting fluid 


coolant 





Says President |]. H. Jessen: “We're happy to say that 
the Cities Service cutting oil we use today is one of the 
finest all-around cutting oils we have ever used. In years 
past we felt that if a « utting oil was good it had to be 


black 


our minds with a cutting oil that has outstanding cooling 


heavy, and odorous. Cities Service has changed 


ibilities, good chip drain-off, is anti-weld and yet 
possesses light, clear color and has no noticeable odor 
Pacemaker Oil 
Ample x Lubricating Oil are 
We 


In addition, Cities Service used in 


hydraulic systems, and 
doing an outstanding job throughout our shop 
proudly recommend all these Cities Service Oils.’ 

For more information on the complete line of Cities 
Service cutting fluids, call in a Cities Service Lubrication 
Cities Service Oil Company Sixty 


York >», ) 


Engineer. Or writ 


Wall Tower Ne 





Light, Clear Coolant in Acni 

Gridley Automatic is Cities 
Service cutting oil. “Out 

anti- weld 
and chip drain-off ability,” 
says Jessen. Firm also praises 
Pacemaker Oils, used in their 
hydraulic operations 


standing cooling 

















Jessen Mfg. Company.,inc. Mr 
Jacob Jessen Pres., in busines 
since 1925, has earned repu 
tation of keeping on top oft 
1935 
he was one of the first to install 


new dé veloprn nis. In 


6 spindle anti-friction bear 


ing scTew that hine 





CITIES © SERVICE 


QUALITY PETROLEUM PRODUCTS 
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STRAND ANNEALING 








TWIN AND SINGLE MUFFLE PUSHER 


rou Tuuttatton to 
EVERY MAN RESPONSIBLE 
FOR HEAT PROCESSING 





@ Today's new alloys, new ceramics 
and new combinations of both have 
created new opportunities and new 
problems for executive management, 
engineers, metallurgists and produc- 
tion men. 


As designers and builders of modern 
custom-tailored high temperature elec- 
tric furnaces for America’s foremost 
companies, the men of Harper are 
qualified to share the latest thinking 
in heat processing with you. 


“The Harper Way” is to begin with a 
study of your product and then de- 
velop the type of process and type of 
heat processing equipment which best 
meets your quality, production and 
cost-per-piece requirements. 


We invite you to take advantage of 
the specialized experience of Harper 
engineers as an aid in working out the 
most economical answer to your “jet 
age” requirements. Your request for a 
discussion is bound to result in a 
worthwhile exchange of thinking. 





Representotives 


in Principal Cities 
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Causes and Prevention of 
Weld-Metal Cracking* 


Part 


I" Pant I of this digest (Metal Prog- 

ress for February, p. 146) the 
important factors affecting the duc- 
tility of nonwelded metals were de- 
scribed since they were used as a 
basis for the study of the same 
phenomena in welded metals. Two 
fundamental factors which have been 
related to weld-metal cracking are 
the formation of a highly stressed 
condition and the metallurgical prop- 
erties of the weld metal. The effects 
of the various alloying elements and 
metallographic structures on austen- 
itic and ferritic weld metals were 
described. 


Control of Weld-Metal Cracking 


There are a number of methods 
used to contro] weld-metal cracking 
Most of these are designed to reduce 
the stress across the weld joint, and 
some involve metallurgical changes 
in the deposited weld metal. The 
human element is a very important 
factor; a highly skilled welder can 
do much to eliminate cracking by 
varying his technique. For 
welders have been using stepback, 


years 


block, and cascade sequence tech- 
niques to minimize distortion and 
cracking. Very little information on 
these techniques was found in the 
American 
Welding Society's “Welding Hand 
book”, Third Edition 


Application of compressive stress 


literature outside of the 


on a joint during welding was suc 

cessfully used in some instances to 
prevent weld-metal cracking. Usually 
this method is impractical and it has 
been discovered that simple changes 
in welding sequence could be just as 
effective. 

Peening is widely used as a means 
of minimizing distortion in multipass 
weld deposits in heavy plates. In 
multipass austenitic welds, peening 
is used to break up the columnar 
grain structure. Although peening 
does minimize distortion and col- 
umnar grain growth, it is believed 
that it does not have any effect on 
hot cracking, because it probably 

(Continued on p. 166) 

*Digest of “Literature Survey on 
Weld-Metal Cracking”, by A. J. Wil- 
liams, P. J. Rieppel and C. B. Vold- 


rich of Battelle Memorial Institute, 
WADC Technical Report 52-143. 





SHEATH FOR HEATING ELEMENT SERPENTINE COILS 
IM HAND 1/20 /N CONDENSER UM/T 


REMARKS Designing a 


new product? Or redesigning 
an old one? Why not avoid 
delays, expense by turning 
your tubing headache over to 
our engineering experts. 
They offer you a wealth of 
problem-solving experience, 
plus the priceless bonus of 
Bundyweld, the only tubing 
double-walled from a single 
strip (see below). 


WRITE voaay for catalog 


or for help in developing 
your tubing application. 


BUNDY TUBING COMPANY 
DETROIT 14, MICHIGAN 





WHY BUNDYWELD S BETTER TUBING 


4 






Bundyweld storts 
as @ single strip 
of copper-coated 
steel. Then it's . . 


con'invovsly rolled 
twice around later- 
ally into a tube of 
uniform thickness, 


and passed through 
@ furnoce. Copper 
cooting fuses with 
steel, Rewlt .. . 


Bundyweid, dovble 
walled and brazed 
through 360° of woll 
contact, 


seating nn (ee ge 
BUNDYWELD TUBING. == Soo” fa 
DOUBLE-WALLED FROM A SINGLE STRIP Me lacide” 


beod 
Uniform 1.0.,, 0.0 
Bundy Tubing Cambridge 42, Mass.: se yy Co, inc, 226 Binney & PRO Peirson Deokins Co, 623 824 Chottoncoge Bonk 
Bidg , fee se Copa my Coe 3333 W. 47th Ploce © Elizabeth, New Jersey: A. 6. Murray Co. inc, Post Office Box 476 © Los Angeles ‘Call Tubesoles, $400 Aicoo 
Ave. © 2, Peon. ‘o., 1717 Sonsom St. © Son Francivee 10, Calif: Pacific Metals Co. Lid. 3100 19th St. © Seattle 4, Wash. Eagle Metals Co, 4755 First Ave. South 
Sorento &, Gutska Conde Alloy motel talon. Lid, 181 Fleet SE. © Bundyweid nickel and Monel tubing are sold by distributors of nicke! and nickel alloys in principal cities. 
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COBRA C is the new chromate finish 
for high corrosion protection and bright 
finish on copper, brass or bronze. Can 
be used on solid or plated copper or 


brass; for cleaning and deoxidizing 
copper or brass parts; for removing 
flux on soldered parts. 


Just one advantage of Luster-On 
COBRA C is that it can be diluted... 
cutting costs for you up to 25% over 
regular COBRA. 


COBRA C climinates hazardous nitrous 
oxide fumes that most bright brass 
treatments give. 


COBRA C can be used at room tem- 
peratures or slightly elevated. 


And, IN ADDITION, COBRA C 


@ Produces a permanent lus- 
trous finish even in recessed 
areas. 


@ Stands over 100 hours stand- 
ard salt spray; assures long 
life. 


@ Can be handled immediately 
after treatment cycle — no 
staining or finger marks. 


@ Replenishment possible with 
same concentrate. 


@ Exhaust of bath in use is 


optional — not required. 
@ Excellent paint bond quali- 
ties. 


LUSTER-ON® — the first in the 
field and still the leader. 


Write for full deta sheets, and 


send a part for free processing. 
L-t4 
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Weld-Metal Cracking... 


occurs long before the peening tool 
can be applied. 

Preheating the work may have 
two separate functions which could 
be opposite in their effects: One is 
the relief of stress on the welded 
joint which should reduce hot crack- 
ing. The other effect is to reduce the 
cooling rate through the hot crack- 
ing temperature range, which should 
increase the hot cracking tendency. 
Preheating is beneficial in reducing 
cold cracking. 

Sometimes dissimilar electrodes 
are used to prevent cracking. The 
use of austenitic electrodes for weld- 
ing high-strength ferritic steels was 
common at one time. Now that the 
coated low-hydrogen electrodes are 
available, it is no longer necessary to 
use austenitic electrodes to prevent 
under-bead cracking. 

It has been noted that when a 
crack is chipped or ground out and 
rewelded, the subsequent weld is 
less liable to crack. The apparent 
reason for this is that the repair weld 
is made in the deposited metal and 
is less diluted by the plate stock. This 
initiated the practice of “buttering” 
the scarfed surface of joints with de- 
posits less likely to crack when di 
luted with the base plate metal. The 
weld proper is then deposited in the 
“buttered” groove. 


Studies of Weld-Metal Cracking 


Many different weld cracking tests 
have been developed because weld- 
ing conditions are so varied and 
many particular conditions are en- 
countered in practice, The factors to 
be taken into consideration in the 
selection of a weld-metal cracking 
test are: 

1. Reproducibility of the results 

2. Freedom from variation due to 
the human element. 

3. Sensitivity to small changes in 
a test variable 

4. Ability to show the effects of 
several welding variables. 

The weld-metal cracking tests de- 
scribed in the literature can be 
classed as four general types: (a) 
fillet-weld tests, (b) 
tests, (c) controlled restraint tests 
and (d) tests employing externally 
applied stress. 

The fillet-weld 
single-tee joint, a double-tee joint, 

(Continued on p. 168) 


groove weld 


tests include a 
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DEOXO purifiers 


Reactions Complete! 
Leaves gas PURE... 


less than one part per 

million impurity remains. 
No Maintenance Cost 
No Operating Cost 
M No Reactivation 


CATALYTIC OPERATION 
at HIGH or LOW PRESSURE 


- « » At Room Temperature: 
Removal of oxygen 
(up to 3% Jand/or 
hydrogen (gp to 6%.) 


«++ At 125° Centigrade: 
Conversion of CO to CO, 


. ++ At 250° Centigrade: 
Methanation of CO to CH, 


Available Capacities: 

25 CFH to 500,000 CH 
and larger. Special Units 
Designed for Specific 
Requirements. 


Whe 


free informative 
booklet No. 10 














PRECIOUS 
METALS 


113 ASTOR ST., NEWARK 5, N. J. 
NEW YORK + SAM FRANCISCO 
CHICAGO - ‘| ANGELES 















OD000 


ALUMINUM 
HOLDING 
FURNACES 


ENY $ engineered 
fat: and 
installed ™ 


Illustrated here are three Carl Mayer Aluminum Holding Furnaces in- 
stalled at Reynolds Metals, Inc., Arkadelphia, Arkansas. It's another Carl 
Mayer installation engineered to give greater production efficiency, maxi- 
mum production economy. 


Oa ills ili, 


Kach furnace is 10 ft. x 35 ft. x 12 ft. in size with a capacity of 60,000 
lbs. of molten aluminum per charge. Fuel is natural gas. Approximate 
operating temperature is 1450°F. 


Let us show you how our engineers can solve your particular need. Write 
for our Bulletin No. HT-53, or ask for a representative to call. 
Over 30 years’ experience in the engineering, designing and installation of 


industrial ovens and furnaces for both large and small industries everywhere. 


Recipient “Trinks” Industrial Heating Award for Outstanding Achievement 


~~ Carl mayer- 


3030 EUCLID AVENUE CLEVELAND 15, OHIO 


OTHER PRODUCTS: Core Ovens © Mold Ovens © Rod Bakers ®© Welding Rod Ovens 
© Paint and Ceramic Drying Ovens © Special Processing Equipment and Accessories 
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HI-VAC improves Titanium! 


To prevent jet plane parts from disintegrating at supersonic speeds, aircraft manufac- 
turers vacuum anneal Titanium parts in HI-VAC Annealing Furnaces. By removing the hy- 
drogen (present to some degree in all Titanium) and other unwanted gases during the 
annealing cycle, the parts have greeter strength and fatique resistance to withstand elevated 
temperatures and stresses. 

You can greatly improve the quality of active metals by vacuum annealing with HI-VAC 
Annealing Furnaces . . . also many brazing operations can be handled in these furnaces at 
lower costs than with other methods without danger of scaling or nitriding. 

HI-VAC has designed and built the majority of large high vacuum annealing furnaces now 
in use and has « vast amount of practical experience to help you. Send tor complete intorma- 
tion on High Vacuum Annealing Furnaces . . . or outline your problem in handling heat sensitive 
materials. 


High Vacuum Equipment Corporation 


349 Lincoln Street ° Hingham, Massachusetts 
vecuum furnaces for * melting * annealing * brozing 








0-METERS 


. . for measuring industrial gases 


Here at last is the truly modern 
flo-meter that offers important and 
exclusive advantages for every user. 
1. Easy to clean. No tools are needed 
for disassembly . . can be completely 
cleaned and reassembled in 2 minutes. 
2. Easy to read. 6” scale gives extra 
visibility. Exclusive Waukee tabs 
identify in large red letters gas being 
measured, Eliminates mistakes. 
3. Built-in control valves. Operators 
can easily see flow change. 
4. Easy to mount. Can be pane! mounted 
. . piping is simpler, installation 
costs less. 


For additional information request 
bulletin #201. 





ENGINEERING COMPANY 


403 E. Michigan Street, Milwaukee, Wis. 
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Weld-Metal Cracking... 


and a lap joint. All these tests are 
qualitative and can be adapted or 
varied in accordance to a particular 
condition enountered in practice. In 
all these tests, each successive weld 
experiences greater restraint than the 
previous one until defects are dis- 
covered. 

Groove-weld tests include a re- 
strained butt-joint in which the 
plates to be welded are bolted to a 
heavy base plate, an “X” weld 
(which is a double-vee groove), and 
a circular patch or groove weld 
Weld-metal cracking is more prev- 
alent in these tests than in the 
fillet-weld tests. 

There are three tests in which the 
restraint is controlled or measured 
One of these is the Mond cracking 
test, in which compression cylin- 
ders attached to the welding plates 
are used to measure forces across the 
weld and deflections in the jig 

Another such test is the Lehigh 
restraint test for quantitatively 
evaluating the degree of restraint at 
which cracking occurred during 
cooling. By varying the effective 
width of a test plate with a stand 
ardized groove at its center, the re- 
straint on the weld can be varied. 
The test has the disadvantage that 
specimens are expensive to machine 
and several of them must be used to 
determine the cracking threshold 
under a single set of conditions 

The other controlled restraint test 
is the Naval Research Laboratory 
specimen. This is a less expensive 
modification of the Lehigh test. Ini 
tial studies of this type of specimen 
showed that the results were not re 
producible because of residual 
stresses in the specimen due to ma- 
chining. The only test employing ex- 
ternally applied forces to the weld is 
the Murex hot-cracking test in which 
an external bending force is applied 
to a fillet-weld lap joint during weld- 
ing. As a result of the bending ac 
tion, the susceptibility to weld-metal 
cracking is determined by the rela- 
tive lengths of the cracks produced. 

In summarizing the information 
found in the survey, one can con- 
clude that the major type of cracking 
associated with weld metal is the 
hot cracking which occurs at a rela- 
tively high temperature. Very little 
reliable information is available on 

Continued on p. 170 
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America is a land of symbols. The things we use and 
eat and wear, the services rendered to us, are often better 
known by their symbols than by their generic product 
names. 


From Sunny Jim of yesteryear, who put packaged cereal 
on America's breakfast table, to Reddy Kilowatt who 
dramatizes electricity .. . “trade” symbols and characters 
have become loved and respected as representing reli- 
ability, versatility and often uniqueness. 

Our Mr. Tooley is such a symbol to all industry where 
tooling for production is so important that it may even 
mean the re eames between profit and loss. 


For Mr. Tooley typifies the unique _— that Firth 
Sterling occupies among producers of tools and tooling 


materials .. . that of making and selling both steels and 
carbides ... the right steel or carbide or the exact combina- 
tion needed to do each job best .. . from a single manu- 


facturing source. 

Thus Mr. Tooley has taken his place among American 
trade characters symbolizing a service of greater value 
built on Firth Sterling's ability to make unbiased recom- 
mendations and capacity to furnish complete shop tooling 





ve Beary, ¢ ng ad 
———-€LIP AND ae 


nl be * ; 
needs. » nai 
a 
» we Lz — 

SSL, LET 473 | ' 
Firth Sterling Inc. ; 
—inc— j 3119 Forbes St., Pittsburgh 30, Pa. 
GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. | Please send me the new 48-Page Firth Sterling Catalog. | 
OFFICES AND WAREHOUSES": BIRMINGHAM CHICAGO" CLEVELAND DAYTON DETROIT’ MaRTrORD® | | om particularly interested in: [] Steet [) Corbide | 
HOUSTON LOS ANGELES" WEW YORK PHILADELPHIA PITTSBURGH WASHINGTON WESTFIELD, W) Nome 
PRODUCTS OF FIRTH-STERLING METALLURGY pew 
High Speed Steels Sintered Tungsten Carbides | Company 
Tool and Die Steels : High Temperature Cermets 5 Adare , 
Stainless Specialties y Chromium Carbides | City lene 
High Temperature Alloys Zirconium Firth Heavy Metal | Sete ' 
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Weld-Metal Cracking... 


the exact temperature for representa- 
tive steels or alloys. Most of the 
cracking is of the interdendritic or 
intergranular type, regardless of tem- 
perature, which may be due to a 
molten eutectic or liquid impurities 
at the grain boundaries, or simply 
due to a hypothetical grain-boundary 
weakness. 

The solution of the problem of 
the weld-metal cracking would be 
greatly simplified if more specific 
knowledge were available to corre- 
late stress conditions and weld-metal 
characteristics with the cracking 
tendency. The establishment of such 
information would go a long way in 
defining the effective hazards. 

E. F. Esiinc 


Vacuum-Fusion Method 
for Determining Gases 
in Cast lron* 


UNIQUE vacuum-fusion appa- 

ratus used for the determination 
of gases in ordinary cast irons is 
described in detail. It consists of a 
immersed in a 
cylinder filled with water and a 


high-frequency induction coil, also 


fused silica tube 


immersed in water, surrounding the 
zone of the silica tube in which the 
crucible holding the cast iron sample 
is placed The top of the furnace 
tube is connected by a ground joint 
to another silica tube that forms the 
furnace head. This has a sealed op 
tical window at its top and two side 
tubes, one above the other, the 
upper of these being connected to 
the vacuum system and the lowe: 
one having a ground joint for the 
closed-end tube that stores the sam 
ples to be analyzed. Graphite pow 
der (—200 mesh) is poured into 
the silica tube until it surrounds the 
crucible to its rim, and the powder 
is blown out of the crucible 

Procedure for the determinations 
is as follows 

Samples are cast in a graphite 
mold and then machined to about 


Continued on p. 172 


*Digest of “Determination of 
Oxygen, Hydrogen and Nitrogen in 
Cast Iron”, by = S. Bach, J. V 
Dawson and L. . L. Smith, Jour 
nal of the Iron ni Steel Institute, 
Vol. 176, March 1954, p. 257-263 





UNITED’S 
PHOSON 
BRAZED 
JOINTS 


for Pressure Piping 


Mean Continual 


Trouble-free Operation at 
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New York Life Insurance Co.'s 
Modern 20-Story Apartment 
in New York City 


Hee is proof positive of PHOSON’S 
dependable, low-cost efficiency! 

Engineering specifications for Manhattan 
House specified all joints be brazed between 
copper tubing and threadless wrought 
copper fittings and cast bronze valves for 
the forced hot water heating system to be 
operated at 115 PSI at a temperature 
of 240 

Brazed joints were specified to assure 
strong non-corrosive permanently safe con- 


construction . and 


PHOSON was speci- 
fied because it had the 
highly dependable 
physical properties so 
necessary and the 
joints could be brazed 
rapidly and at low 





Typical Manhottan 
cost! Hovse Brazed Joint 


PROVE PHOSON IS BEST FOR YOUR JOB — LARGE OF 
SMALL! 
Contect your UNITED Welding Supply Distributor 


Uniteo WIRE 


AND SUPPLY CORP 
Brazing Alloy Division 
PROVIDENCE 7, 8.1. + OFFICES IN PRINCIPAL CITIES 


Seno FOR srecim 
PHOSON rovoee 
NOW! 

















































teel tableware had 


which produced 


A maker of stainless 

been using striking dic 
average runs of 19,000 pieces 
thought, 
they could find 


Good, they 
but perhaps by experimenting 
better. So they 


decided to switch to Bethlehem Bearcat 


something 


Tool Steel, then watch their production 
figures. The number of pieces per die 
doubled, right from the start. 

The Beareat dies, used in working 
blanks of varying 
Rockwell 


C 56-58. As no redressing is possible, 


grade-rolled stainless 
thickness, are hardened to 
they are run until failure oceurs. The 
shop superintendent says ‘Deareat is 
doing a phenomenal job. We particularly 
like its resistance to shock.’ 

stance, Bearcat is 


Sesides shock-resi 








Maker of Tableware Likes Economy 
of Striking Die of Bearcat 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


You Can Reduce Warpage 
i>) by Supporting Tools 
Pal During Heat-Treatment 


Warpage of tools in heat-treatment is 


usually associated with the geometrical 
shape of the tools, or the manner in which 
they are supported during heating fo 
the quench. When steels are heated in the 
critical range, just prior to quenching, 
they are weak, and if not supported prop 
erly, will sag or flow plastically 

Long tools should be supported at fre 
quent intervals along their length. If see 
tion changes are present for appreciable 
lengths, the tools should be supported at 
each section. However, the span between 
supports should not exceed three times 


the tool diameter, 


well suited for any application where 


good machining is essential. It is deep 


hardening in air, and offers low distor 





tion in heat-treatment. For some applica 


tions, it ean be carburized easily for 


LEHIGH S SLITTER KNIVES 
MAKE SHORT WORK 
Mo OF STRIP STEEL 


0.50 0.70 0.25 " " 1.40 These knives, made of Bethlehem Lehich 


S tool steel, are slitting 


long wear, 


TYPICAL ANALYSIS 
‘ Mn Si Cr 
cold-rolled trip 
In addition to its use for striking dies, 


Beareat is also ideal for master hobs 


steel to proper width, preparing it for 


and a punch-prese 


operation making sheet 


engraving dies, used in related industries metal parts. Lehigh S is our oil-hardening 


You're sure to like Beareat, no matter type of high-carbon, high-chromium tool 


where you try it. Why not order a supply steel, Its high hardness and maximum re 
today from your local tool steel distribu sistance to abrasion make it a steel with 


tor, or from our well-stocked mill depot the ultimate in wear resistance 
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wil son a 6 ckwell”’ * Vacuum-Fusion . . . 
1 in. long and % in. diameter, weigh- 
Hardness Testers 


ing about 20 g. each. After machin 

ing, the samples are degreased in 

— the vapor of boiling carbon tetra 
, chloride, weighed, and immediately 

placed in the sample tube. After 
the assembly is completed and 





sealed, the system is evacuated and 
then the crucible is gradually heated 
to 4350° F. The furnace is degassed 
for 3 hr. at 3630° F. under a 
vacuum of less than 1 micron 
(10-* mm. Hg). The temperature is 
then dropped to 3000° F. and a 
Toepler pump is operated to remove 
absorbed gas as the blank evolution 
over a period of 1 hr. is determined. 
If the blank volume is satisfactory 
(less than 0.02 ml. total gas per hr.), 
the specimen is brought into the 
crucible by means of a magnet. As 
the sample melts, the gas is collected 


I 
d 
- 
f 
f 
> 
i 
] 
i 
‘ 
‘ 
‘ 


in the Toepler pump and removed 

after 15 min. Occasionally, especial 

ly with samples containing much 

nitrogen, gas evolution is slow and 
may require up to 45 min. 

After many preliminary test runs 

i : on this equipment, it was found that 

e the results were affected by the 

Steel... soft metals or plastics... method of sampling, by internal 

porosity (which is especially com- 

small parts or odd shapes... mon in gray iron), and by rusting 


of the sample. The results indicated 


Wilson tests them all that the influence of absorbed gas 


on a sample surface varied with the 





Ae a ea »0rosity and amounted to about 
quickly... accurately gm 
A FULL LINE 10 X 10-*% for nitrogen. Highly 
TO MEET e Recognized as the leader, WILSON porous iron always gave high and 
EVERY HARDNESS “ROCKWELL” Testers set the standards of variable gas contents; to overcome 
TESTING hardness testing. In the laboratory or on the this difficulty only sound samples of 
REQUIREMENT production line, wherever exact hardness must this type of iron may be analyzed 
FULLY AUTOMATIC be checked, there is no substitute for WILSON. with reliability. The effect of stor 
° Completeness of the wILson line makes it ing the sample either in air or in 
CEN -AUTOMANE unnecessary to compromise with makeshift vacuum was found to be negligible 
nd testing methods. The wILson organization is As a result of these factors, an 
a nation-wide. Our experts are available not open-topped graphite mold giving 
pe only to help you select the exact tester best 3 cylinders 1% in. long and 9/16 in. 

CIAL : : . ‘ 
pa suited to your requirements but to consult with diameter was used to make the cast 
SUPERFICIAL you on problems involving hardness tests. samples. Samples of gray iron cast in 
° Write for full information on WILSON sand as keel-block bars were ana- 
TUKON ‘ROCKWELL’ Hardness Testers, diamond lyzed but a variation was often 
MICRO & MACRO Brale penetrators and accessories. found in these test pieces, especially 
oT redemarh Registered from the center of the keel-block bar 











Results of hundreds of determina- 
tions are tabulated in the paper. Also 
reported is a comparison of the re- 
sults obtained on sand cast and chill 
cast samples for each of eight 
analyses. 

(Continued on p. 174) 





agco es Mechanical Instrument Division 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 
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READ 


how you can benefit 
by JESSOP’S great 
product variety 


Hopes for the future notwithstanding, 
Jessop lays no claim to being the largest 
specialty steel maker in America, but care- 
ful check shows it to be the most diversi- 
fied. We produce the greatest variety of 
special steel products, shapes and sizes 
available anywhere. There's a profit story 
in this for Jessop and for you, too. We 
profit by spreading ourselves across a 
greater segment of industry. Like a mod- 
ern investment trust we avoid the ups and 
downs of vertical markets. Our current 
sales success proves the point. You can 
profit if you come to Jessop for more of 
your requirements and obtain the service 
and delivery advantages that single-source 
purchasing affords. What's more, 

you'll enjoy doing business with 

the Jessop team . . . aggressive 

men eager to earn their salt by 
helping you in your business. 

Check the list on this page and 

pick more products to buy from 

Jessop. You'll be glad you did. 











Lutnchureg 


WILL BRING OUT THIS CHARGE 
UNIFORM IN QUALITY 


The quenching stage of your heat-treating 
process is the point where all previous 
operations are brought to either a successful 
or unsatisfactory conclusion 

At this point is determined the final qual 
ity of your product the amount of ume 
and material wasted by sub-standard rejects 


and your ultimate operating cost! 





When you install a B & G Hydro-Flo Oil Quenching 
System you eliminate the warping and quality variations 
caused by uncontrolled quenching of heat-treated metal 

Oil is circulated at high velocity and with strong curbu 
lence through the quench tank —then cooled and pumped 
back again. The oil in the quench bath is kept constantly 
at whatever temperature is desired. Since every batch is 
quenched under identical conditions, every batch is identical 
in quality 

While the individual components of an oil cooling 
installation can be purchased and assembled on the job, 
the trend today is to install completely factory-assembled 
oil cooling systems 

To meet this demand, B & G offers completely self 
contained oil cooling units —integrated in every respect 
ready for immediate operation. These units are engineered 
to your speciiic requirements 





Whether your heat creating volume is large or small, the 


: c Co d Oj ’ « " : { { 
services of the B & G engineering department are available The B & G Self-Contained | Cooler illustrated here is pre-engineered an 
assembled complete at the factory. It eluminates the need for building pump pier 


Your request for information will rec eive prompt attention, and stands and for assembling pipe, valves, controls and wiring. Your only 


OG 
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responsibility is to place the unit in position and connect it to the quench tank 
and water lines. It can be easily moved if a change in plant arrangement make 
m necessary 


Hydro -Fioe OIL QUENCHING SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. DU-16, Morton Grove, Ill. 


Canadian Licensee: §. A, Armstrong, Ltd., 1400 O'Connor Drive, Toronto *Reg. U. S. Pat. O€ 











B«A porassium 





Whether your opera- 
tions include refining or casting, 
using B&A Quality Potassium Tita- 
nium Fluoride can help lower your 
production costs and improve the 
quality of your aluminum and alu- 
minum products. As a means of in- 
corporating titanium into aluminum 
alloys, Potassium Titanium Fluoride 
is versatile: in smelting—use it di- 
rectly; in casting—mix it with Potas- 
sium Fluoborate to lower its melting 
point. Listed at right are some of the 
ways Potassium Titanium Fluoride 


can help solve your aluminum pro- 


duction problems. 





TITANIUM 
FLUORIDE 


(K, TiF,) 


B&A Potassium Titanium Fluoride 
Offers These Advantages: 


LOWER COST 

Addition of titanium trom the salt costs 
less than other methods of incorporat- 
ing titanium into aluminum alloys. 


IMPROVED GRAIN 
Potassium Titanium Fluoride gives a 
better, more even grain size. 


BETTER CASTINGS 

Using Potassium Titanium Fluoride 
means increased machinability . . . 
higher tensile strength . . . helps in 
elimination of oxides causing hard spots 
. . +» greater elongation . . . better yield. 
Gray iron castings, too, have im- 
proved physical properties and grain 
structure when Potassium Titanium 






Fluoride is used, Further information 
on Potassium Titanium Fluoride may 
be obtained from any B&A office, Write 
today 


A leader in the research and produc- 
tion of fluorine chemicals, Baker & 
Adamson offers a wide range of B&A 
Quality fluorine compounds in tonnage 
quantities if your operations require 


| 

| 

| 

Potassium Titanium Fluoride 

Aluminum Fluoride | 

Chromium Fluoride | 

Copper Fluoride | 

or any other of B&A’s fluorine prod- | 

ucts, contact one of the B&A offices | 

listed below for information or for | 
immediate shipment from one of our 

coast-to-coast distributing stations | 

] 


- 
| 
| 
| 
| 
| 
| 
| 
| 
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BAKER & ADAMSON Ac Cemlcall 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
-—— = — — <— «= «= «40 Rector Street, New York 6, MH. V.ne ae ae ee ee ee ee ee ee 


Offices: Albany * Adlanta * Bakimore * Birmingham * Boston © Bridgeport ¢ Buffalo 
Charlowe ¢ Chicago * Cleveland * Denver * Detrou * Houston * Jacksonville © Kalaraazoo 


Angeles ¢ ae * New York © Philadelphia © Pisburgh * Providence © 5 
rancisco * Seattle ¢ Kennewick and Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc 


San 


Lows 


. Milwaukee 


In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 


SETTING THE PACE IN 


CHEMICAL 


PURITY SINCE 186862 
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Vacuum-Fusion .. . 


The reproducible results on the 
chill-cast samples of normal silicon 
content are very evident and indi 
cate an oxygen content of 0.0014 
to 0.0018% and nitrogen content 
varying from 0.0024 to 0.0039%. 
These compare 
favorably with those obtained by 
vacuum-fusion analyses on _ steel 
samples carried out in the same lab 
oratory. In addition, an accurate 


consistent results 


check was observed when the nitro- 
i 


gen contents were determined by 
chemical methods on the same 
samples. 

As a result of these investigations, 
it was decided that the special type 
of chill cast sample was the most 
reliable for the determination of 
oxygen and nitrogen in cast iron 
At the present, however, very little 
reliance is placed on results of de 
terminations for hydrogen. The 
problem of determination and sam- 
pling of hydrogen in cast iron is still 
under investigation. 


















microscopic measurements of the indentations. 


These indentations are AUTOMATICALLY projected, greatly magni- 


fied, by the REFLEX system, on a ground glass screen, right in front 


of the operator. 


This takes less time than applying an 
initial load, then a major load and re- 
turning to the initial load. And the 
values obtained in the ReEFLex 
chines are very much larger than depth 
values, Larger values always permit 
more precise measurements, resulting 


in more accurate, reliable, informative 


test data. 


Write today for your copy of 


Bulletin No. A-14. 


GRIES INDUSTRIES, INC. 
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THE ENTIRE CONCEPT 
OF HARDNESS TESTING 


has now been radically changed by 
the Development of the REFLEX 
Hardness ‘Testing Machines with 


CARL ZEISS Projection 


1, the performance of Brinell, 


Vickers, Knoop, Grodzinski tests it is no longer necessary to make 


ma- 





System 













Numerous samples analyzed by 
the above techniques gave very satis- 
factory results. One doubt that arose 
during the work was in connection 
with nodular cast iron made by 
treatment with nickel-magnesium 
alloy. Very low oxygen contents 
were obtained (2 to 5 X 10—* €), 
and it was wondered whether MgO 
if it were present, would be reduced 
by carbon under the conditions used 
Sloman had already shown that sili 
con, aluminum and manganese 
would be reduced and the same cal- 
culations were applied to MgO 
These showed that MgO should be 
reduced completely at 2820° F. To 
check for complete reduction, other 
samples were reduced at tempera 
tures up to 3270° F. The same re 
sults were obtained and it was felt 
that the low results obtained are in 
fact true figures for 
treated iron. E. ¢ 


magnesium 
WRIGHT 


Diffusion of Nitrogen 
in Alpha and 


Gamma Irons* 


IFFUSION coefficients of nitrogen 

in iron at 500 and 600° C. (930 
and 1110° F.) are derived by the 
authors from the desorption rates of 
nitrogen from iron wires in hydro 
gen, using internal friction measure 
ments to determine concentration 
ratios. The solubility of nitrogen in 
austenitic steels is so great that its 
presence in such alloys is not detri 
mental because nitrogen stabilizes 
the gamma phase. The solubility of 
nitrogen in ferritic steels is so small 
that its presence is always harmful 
on account of the aging effects it 
causes. 

The internal friction determina 
tions were made on the purest iron 
wires available. Pure iron was melted 
and cast in a vacuum in the form of 
rods 14 mm. (0.4512 in.) diameter: 
these were then cold swaged and 
cold drawn to 0.7 mm. (0.0276 in.) 
diameter. Lengths of about 12 in 
of this prepared wire were nitrided 
by heating to 950° C. (1740° F.) for 
3 hr. in a gas stream of 99% N. and 
1% H.. After nitriding, the wires 

(Continued on p. 176) 


*Digest of “Diffusion of Nitrogen 
in Iron”, by J. D. Fast and M. B. 
Verrijp, Journal of the Iron and 
Steel Institute, Vol. 176, January 
1954, p. 24-27. 





Light-weight, strong, rugged, weather- 
proof... and appealing to modern tastes 
... furniture of Revere Aluminum made 
by leading manufacturers brings new 
satisfaction to outdoor and indoor living. 

If you are a manufacturer of home or 
office furniture, or accessories, you will 
find in Revere Aluminum Tube, Sheet 
and Extruded Shapes the fine surface 
finish and superior working qualities that 


smooth the flow of production and give 


extra eye-appeal to your products. 

If you are a manufacturer of anything 
that is made or could be made better of 
aluminum, it will pay you to take ad- 
vantage of Revere's exceptional experi- 
ence in metals and Revere’s Technical 
Advisory service. Revere Copper and 
Brass Incorporated, Founded by Paul 
Revere in 1801, Executive Offices, 230 
Park Avenue, New York 17, N. Y 


REVERE KNOWS IT'S A-8-C'S 


AlWMinun B Rass COPper 








Diffusion of Nitrogen... 


were quenched in water, reheated 
for 10 min. at 560° C, (1040° F.) in 
pure nitrogen, and again quenched 
in water. The authors state that the 
nitrogen content of wires was about 
0.025% (0.10 at. %) after this treat- 
ment; the final grain size of the wire 
was about one-tenth the diameter of 
the wire. 

Immediately after the last quench 
the internal friction peak was meas- 
ured by testing the wires at different 
temperatures between 20 and 
60° C. (—4 and 140° F.). The wires 
were used as the suspension element 
in a torsional pendulum system with 
a period of oscillation of 1.3 or 5.7 
sec, The logarithmic decrement was 
determined during the decay of the 
torsional oscillations. Charts show- 
ing the damping peaks against tem- 
perature are shown in the paper. The 
mathematical equations for calculat- 
ing the internal friction are also 
given. 

The diffusion coefficient of nitro- 
gen at the temperature of maximum 
damping can be calculated from the 
time of relaxation. The diffusion co- 


efficients at 500, 600 and 950° C. 
were determined by studying the 
rates of desorption of nitrogen. De- 
sorption was accomplished by heat- 
ing wire samples at 600° C. in hydro- 
gen and at 560° C. in pure nitrogen 
after loading the wire with 0.1 at. % 
nitrogen. The internal friction peak 
at 21° C. (69.8° F.) of the loaded 
wire was about four times as great 
as that of the wire treated in hydro- 
gen and about 2% times as great as 
that of the wire homogenized at 
560° C. in pure nitrogen. In these 
tests the wires were first loaded with 
nitrogen to 0.1 at.  N» and tested 
at 21° C.; next, heated in wet hydro- 
gen gas at 500, 600 and 950° C. and 
tested at 21° C.; and finally, each of 
the wires after the three previous 
treatments was heated to 560° C. in 
pure nitrogen and tested at 21° C. 
It was found that the desorption in 
hydrogen gave a false damping peak 
due denitrification 
the homogenizing treatment 
rected this. 

The diffusion coefficients at 500, 
600 and 950° C. determined experi- 
mentally by the internal friction 
measurements and those calculated 


to surface and 


corT- 


from theoretical concepts were found 
to be in close agreement. Complete 
equations are included in paper. 

A remarkable fact observed in 
these tests is that the diffusion co- 
efficient of nitrogen in alpha iron 
is much greater than in gamma 
iron. At 540° C. (1005° F.) the dif- 
fusion coefficient of nitrogen in 
alpha iron is greater than in gamma 
iron at 950° C, The extrapolated 
value of the diffusion coefficient for 
alpha iron at 950° C. is 50 times 
greater than for gamma iron. 

Most important is the fact that the 
values of the diffusion coefficient at 
9.5 and 21.5° C., 
the authors’ internal friction meas- 
urements, correspond well with the 
values (for the same temperatures) 
obtained by extrapolation from the 
region 500 to 600° C., where con- 
ventional diffusion experiments were 
carried out. ‘This forms a strong sup- 
port for the correctness of the inter- 
pretation of damping caused by 


as calculated from 


carbon and nitrogen as given by 
Snoek and Polder. Similar support is 
derived from the combined measure- 
ments of Stanley and Wert 


E. C. Wricnut 





announcing 


A COMPLETE 
NEW LINE 


OIL FILTERS 


Write for 
engineering bulletins 
and quotations 

on all three models. 


648 Waboth Avenve, Lebonon, indiono 
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FULL FLOW— For in-line 
installation at high flow 
rates—25 to 800 OPM 
Uses new “FPLO-PAC” 
Pleated paper cartridge 
to remove particles 
down to one micron 





Sw 








MULTI. CARTRIDGE — 
1! sizes available. Six 
cartridge refills includ- 
ing new “FLO-PAC™ 
and “KLEER-PAC 

available for exact de 
gree of filtration needed 


BULK REFILL—For ab- 
solutely clean oil, bulk 
Cranite medium pro- 
vides depth purification 
Bulk or cartridge type 
cellulose refills avail- 
able for fine Gltering 


All Models Have Quick-Opening Lids 
Purifier lid is fastened with swing bolts 
which one man can loosen quickly. Lid 
swings back for casy access to refills 




















Bullet core 


Cold steel flows like putty... 
with Pennsalt’s FOS PROCESS 





Cold extrusion is made practical, 
cold working of steel is more profit- 
able with Pennsalt’s Fos Process, a 
new method of locking a phosphate 
coating and lubricant onto a steel 
surface. Cold steel actually flows 
like putty when extreme pressures 
are applied. With Fos 
there 


Process 
is no breakdown of lubri- 
cants to cause seizing and galling. 
Die life increases...in one case 
by 666% ! 


Where can you use the Fos Process? 
In mass production of steel auto- 
motive and ordnance parts, in tube 
and wire drawing. Expensive steel 
alloys can often be replaced with 


Adjusting screw blank 


(SAVES TIME + METAL + LABOR) 


plain carbon steels. The combina- 
tion of Fos Process and severe cold 
working upgrades the physical and 
metallurgical properties of the 
steel... cuts unit costs! 


Look at these few parts carefully. 
Many more parts and shapes like 
these can be cold-extruded or cold- 
headed economically, with little fin- 
ish machining, by using Pennsalt’s 
new Fos Process. Call the specialist 
from Pennsalt for a complete survey 
of your production line. Often your 
blueprint can help him determine 
rapidly if the Fos Process is for your 
immediate use. Fill in the coupon 
... get all the facts now! 


Wheel stud “= 





Cap nut blank 






Pennsalt = 
Chemicals 





Metal Processing Dept. 
Pennsylvanic Salt Manufacturing Company 
1074 Widener Bidg., Philadelphia 7, Pa 


| 

| 

| 

| 

| 

| 

Hove Pennsalt specialist call ; 

Send technical illustrated folder | 

Enclosed is blueprint...can | use | 

Fos Process in moss-producing by | 

cold extrusion? i 

N Tithe 
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| 

Company | 

| 

| 
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Now you can make WELDED TUBES 


STEEL 























Within the last few years rapid strides have been 
made by Yoder in widening the scope and raising 
the speed of cold process electric-weld pipe and 
tube making. In tube mills perfected by Yoder 
many non-ferrous metals can be induction-welded 
in gauges up to .154” and at speeds approaching 
those attained in resistance welding steel tubes. 


Further, speeds up to 250 fpm are reached in 
induction-welding steel tubing in the same gauges. 


New, compact Yoder “4-in-1” Welding Trans- 
former is the last word in resistance-welding steel 


pipe and tubing in sizes up to 24” diameter. 


More specific information, literature and estimates 


on request, without obligation on your part. 


THE YODER COMPANY 


5595 Walworth Ave. « Cleveland 2, Ohio 
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VanapiuM CorPORATION OF AMERICA 


420 Lexington Avenue, New York 17, N.Y. 


Detroit « Chicago «+ Pittsburgh «+ Cleveland 











Producers of alloys, metals and chemicals 


Two Vancoram Manganese Products for 





Superior Steel and Iron: 


Silicomanganese Alloys 





Ferromanganese Briquettes 





These two versatile Manganese alloys, members of the Vancoram family 
of products, were each carefully developed to help steel and iron 
makers produce metals of the highest quality with maximum efficiency. 


VANCORAM SILICOMANGANESE ALLOYS, available in three grades, are 
valuable additions to both steel and cast iron .. . serving as a furnace 
block, deoxidizer, desulphurizer and source of manganese. These alloys 
are noted for their purity and uniformity of composition. 





Carbon Manganese Silicon 
1.50% max 65 /68% 18/20% 
2.00% max 65 /68% 15/17.5% 
3.00% max 65/68% 12/14.5% 











VANCORAM FERROMANGANESE BRIQUETTES are recommended for use in 
iron as a manganese addition agent and also as a desulphurizer. Their shape 
is oblong for swift identification, their weight is approximately 

3 pounds per briquette for easy handling, and their manganese content 

is exactly 2 pounds for simple addition without weighing. 


The Briquettes are furnished in convenient palletized form, if required, 
thus simplifying handling and storage and reducing contamination. 


Whether you make your additions to furnace, cupola or ladle . . . you'll 
consistently get better, more uniform results when you use Vancoram 
Silicomanganese Alloys or Vancoram Ferromanganese Briquettes. 
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FORGING TECHNICIANS—Yes, that is the compliment paid us by those acquainted 
with our services. In back of each design is a thorough understanding of engineering 
and metallurgical needs before production begins . . . assuring forgings of maxi- 
mum physical properties and uniform quality 


THE LANDING GEAR FORGING illustrated, nearly five feet long, is an important 
component for a modern military fighter... another example of Wyman-Gordon’s 
technical contribution to aircraft. 


There (a no substitute for Wyman-Gordon experience 


| WYMAN- ETO) Ss BF@) 


stablished {883 


OF ALUMINUM * MAGNESIUM *#*STEEL*® TITANIUM 





WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 
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C.1. HAYES selects 


GLOBAR Heating Elements 


CONTINUOUS PUSHER TYPE FURNACE 


@ Built by C. I. Hayes, Inc., Cranston, 
Rhode Island, for heat treating high speed 
steel tools. GLOBAR non-metallic heating 
elements assure dependable service 


during peak loads 











GLOBAR Silicon Carbide Heating Elements used in 
this modern heat treating furnace provide an ample 
margin of safety at the normal operating temperature 
This assures dependable performance and low main 
tenance cost on regular production schedules, plus 


GLOBAR 


Heating Elements 
give you... 


MORE HEAT... per unit 


area of hearth 


WIDEST RANGE OF 
TEMPERATURES ... up to 
2750°F 


SIMPLICITY of furnace 


construction 


LESS DOWNTIME... 
no need to cool or unload 
during replacement 









OUR ENGINEERS have worked cli 





































the handling of peaks in production without danger 
of costly breakdowns 

GLOBAR elements provide clean, silent and safe heat 
Elements may be installed or removed quickly and 


easily while the furnace is at temperature 


sely with furnace manufacturer 


and users for over 40 years, to help provide the most 


modern, efhcient and economical equipment for a 


industrial heating processes For complete informatior 
on the many advantages of GLOBAR Heating Element 
and how they can hely 
problems 


Dept 


solve your heating 
write 


MP 8 


The Carborundum ( ompany 


Niagara Falls, New York 


GLOBAR 


Heating Elements 
by CARBORUNDUM 
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How to Select the Most 
Economical Insulating Firebrick 


The advantages of lightweight insulat- 
ing firebrick over ordinary “heavy- 
weight” firebrick are generally known 
to furnace operators and furnace 
builders. But many buyers have won- 
dered just what advantages there 
might be in one brand of insulating 
firebrick as against another. The an- 
swer to this question could very well 
mean savings in fuel costs, increased 
furnace output, longer life . . . or all 
three. 


One furnace builder ran tests on 
their small electric kilns where heat 
input could be measured with great 
accuracy. Here’s what they found: 
B&W IFB required 25% less heat 
than any other brand of insulating 
firebrick they tried. 


The reason? B&W IFB are lighter in 
weight than any other insulating fire- 
brick — they contain more tiny, in- 
sulating air cells. Heavier, denser in- 
sulating firebrick linings waste fuel 
two ways: They soak up and store 
more heat which is lost when the 
furnace is cooled; and they conduct 
more heat through the walls. 


How about long life? One of the 
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toughest tests of firebrick is in the 
lining of a carbon monoxide furnace. 
Some brands last only a few weeks, 
then disintegrate, due to iron oxide 
impurities in the brick which react 
with the gas. 


But B&W Insulating Firebrick contain 
little iron oxide, and they’re proc- 
essed at high temperatures so that any 
traces of iron oxide form stable com- 
pounds. So instead of deteriorating 
they stay on the job year after year 
—in many cases over 10 years. 


Another factor, important to many 
furnace operators, is accurate temper- 
ature control. Here again B&W IFB 
have an advantage over other insulat- 
ing firebrick. First, because B&W IFB 
are lighter in weight they store and 
conduct less heat—and they respond 
more quickly to changes in heat input. 








A typical example is the giant stress- 
relieving furnace shown below—sixty 
feet by twenty-two feet by seventeen 
feet high. The B&W lining plays a 
vital part in holding the desired tem- 
perature within 5 degrees accuracy! 





Next time you buy or specify insulat- 
ing firebrick, remember that the light- 
est weight brick of all—B&W—has 
the highest insulation value, the long- 
est life and the greatest furnace heat 
controllability. 


THE BABCOCK & WILCOX CO. 
Refractories Division 

General Offices: 
161 East 42nd St., New York 17, N. Y. 
Works: Augusta, Ga. 











TUTHILL PUMP COMPANY EXPERIENCES... 





SINCE USING 


STRESSPROOF 


SEVERELY COLD-WORKED, FURNACE-TREATED 
STEEL BARS 






@ Tuthill knows the rotor is the heart of their pump. Quality 
cannot be compromised. For more than 10 years, Tuthill has 
used STRESSPROOF for rotors (replacing heat-treated alloy 
steel) without a failure! 


Strength is required in these rotors to transmit the power 
through the shaft to the idler gear. Extremely high operating 
speeds mean the rotors must be straight. Wearability is an 
absolute necessity if the rotors are to stand up under severe 
operating conditions. 


STRESSPROOF has all of these qualities. In addition, it is 
readily machinable. Its in-the-bar strength eliminates heat 
treating with its distortion, cleaning and subsequent machin- 
ing problems. No rough machining, heat treating and finish 
machining with STRESSPROOF. The rotors are finish-ma- 
chined from the bar. 


STRESSPROOF’s minimum warpage eliminates all straight- 
ening operations in this case. Its wearability keeps the rotor 
running year after year. It also provides real savings in both 
material and manufacturing costs. 


STRESSPROOF makes a better part at a lower cost. 


AVAILABLE FROM LEADING STEEL DISTRIBUTORS 


COAST-TO-COAST 










SAVES MONEY, TOO!” 





Tuthill Model L Series me- 
chanically sealed pumps are 
used in lubricating, hydrau- 
lic, transfer and burning oil 
service. Capacities range from 
Vy to 6 gpm, at pressures up 
to 600 psi. The rotors for 
these dependable industrial 
umps are made from La 


Salle STRESSPROOF, 








WRITE TODAY FOR 


helpful dete bui- 

letin No. 15... | sw 

COsrs 
impreve 


Quality — 
Cut Costs” 














aA Salle STEEL CO. 


1424 150th Street, Hammond, Indiana 


MANUFACTURERS OF AMERICA’S MOST COMPLETE LINE OF 
QUALITY COLD-FINISHED STEEL BARS 
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“Here’s the Fastest Cycling, 
Easiest Operating Vacuum 
Coater I’ve Ever Used”, 


says 
Mr. John Guleserian, 
President 


Vacuum Plating Co., 
Providence, R. | 
Regal Plating Co. Inc., 
Providence, R. |. 
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Mr. Guleserion points out the easy-loading, “shadowless” 
Planetary jig in his NRC Rapid Cycle Vacuum Cooter. 


“Only one man is needed to slide this jig in and out. 
The mechanical pump is unaffected by the stickiest 
weather. The pumping system is easy to maintain. . . 
no booster pump used .. . one drum of mechanical 
pump oil lasts a year. The electrical power connections 
to the filaments are made automatically when the jig 


is inserted to eliminate operator error — a problem of 
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other coaters I've seen. This NRC Rapid Cycle Vacuum 
Coater is a rumber one producer,” says Mr. Guleserian. 

Let us help you plan your complete vacuum coating 
process set-up. We can give you advice on dolly 
design . . . lacquer choice . . . size of cooter and 
help in laying out your process to return the greatest 


profit to you. 


Naresco Equipment Corporation 


Equipment Soles Subsidiary of National Research Corporation 
13 Chariemont Street, Newton Highlands 61, Massachusetts 


Sales Offices: Boston + Chicago + Cleveland + Los Angeles + New York + Palo Alto 
Philadelphia « in Canada: Toronto «+ Arnprior 

















How To Solve Corrosion Problems 
4 


PROBLEM: Protecting a preheater from corrosive 


attack during periodic contact with hy- 





drochloric acid, trichlor benzene, and 


other chlorine compounds at 300 deg. F. 


REMEDY: Complete lining with Hasretsoy alloy 
| l-gage sheet. 


RESULT : The vessel has given four years service 


and is still going strong. 








PROBLEM: Valving sulphur-laden flue gas at 


800 deg. F. and 300 psi. 





REMEDY : A }4-in. layer of Hasretzoy alloy B 


was applied to seats and seating surfaces. 


RESULT : The valves gave over four years! 


service despite the corrosive conditions, 





Free: Money-saving jobs like these are described in detail in the monthly magazine 
Haynes AtLoys Dicest. To receive a copy regularly, write Editor, Haynes ALLoys Dicest, 


Room 308, 30 East 42nd Street, New York 17, New York. 


HASTELLOY (/-/” (Rea 


Trade-Mark ‘i 
Nickel. tant all ilabl 
Icke ase. corrosion-resistan aiiovs avaiiabie as Sales Offices 






sheet, plate, bar stock, welding rod, welded tubing Deweit — Heuston 
; 4 9 _ Chicago — Cleveland — Leend 
and pipe, cast pipe and pipe fittings, sand and pre Los Angeles—New York—Sen Frencisco—Tulsw 
=_ 
cision-investment castings : 
“Hastelloy” is o registered trade-mark of Union Carbide and Carbon Corporotion. 
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ING JOB? 
here’s a belt to lick it 


Perhaps you’ve thought your heat treating 
operation is one that’s too tough for spiral 
belts. 


If so, here’s big news for you. New and im- 
proved Wissco Rod Reinforced Belts are 
built extra big and rugged .. . to carry 
heavy loads through the furnace. 


Wissco’s Improvep THIN Sprrais effec- 
tively resist stretch and distortion. DuaL 
Continuous REINFORCING Rops put an 
end to narrowing. And Wissco’s \4-inch 
Rod Reinforced Every Spiral Belt will stand 
up under severe heavy-duty demands. 


We can furnish improved Wissco Reinforced 
Every Spiral Belts in any high-temperature 
alloy to meet your particular heat treat- 
ing problem. 


THE COLORADO FUEL AND IRON CORPORATION—Denver and Ookland 
WICKWIRE SPENCER STEEL DIVISION—Atienta + Boston + buffalo 
Chicago + Detrot + Wew Orieens + New York + Philadelphic 


WISSCO BELTS 


CT OF WICKWIRE SPENCER STEEL DIVISION 
A ) FUEL ANT IRON 











Th are working in these vacuum 
ese pumps... 
metallurgy installations 


KB-300 —————-* _ Titanium Sponge Production 

KS-600 ——_—————-} _ 5-50 Ib. Melting and Casting 
KB-1200 ——-————) _ 1000 Ib. Consumable Electrode Arc Melting 
KB-1500 ———————} _Multi-Batch Carbide Sintering 


KS-4000 ——-————-} 350-500 Ib. Melting and Casting 
and Arc Melting 8” dia. ingots 
KJ-S000 ———- 1000 Ib. Melting and Casting 


at 3 to 25 microns pressure 


KS-16,000 ——_—_———- _ 1000 Ib. Melting and Casting 


at 0.8 to 15 microns pressure 


and here’s how they work 
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If you work or plan to work in vacuum metallurgy, you can 
profit by CVC's practical experience in the field. 

CVC is currently designing, building and installing high 
vacuum furnaces which solve many unusual problems. The 
wide range of pumps used in these installations and the know 
how we have obtained from our work with them can go far in 
helping to solve your problems. 

We welcome the opportunity to discuss high vacuum metal 
lurgy with you. For further information and a copy of our 
“Information Memo" on High Vacuum Metallurgy write to 
Consolidated Vacuum Corporation, Rochester 3, N. Y. (a sub- 
sidiary of Consolidated Engineering Corporation, Pasadena, This 1000-Ib, high 





voc single KS. 4000 pump is more 

vom melting ond casting than odequvote for 350-4» 

California furnace is on example of melts (see graph). When he's 
efficient, economical design ready for 1000-4. melts, he 


The buyer is sorting with timply adds another KS 
350-4. melts. The 48600 4000 pump end a 1000-1» 
Wers-persec. speed of a coll ond crucible 





Consolidated Vacuum Corporation 


ROCHESTER 3, N.Y. 





Headquarters 


for High Vacuum soles offices: NEW YORK, N.Y. * CHICAGO, ILL. * BOSTON, MASS. * GAN FRANCISCO, CALIF. « CAMOEN. N. J 
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News abnit’ 
GUD COATINGS for METALS 


Metallic 


Organic 


ike toe Decorativ 







Protective 





Protective plastisols gain new versatility 





Make shorter work 
of finishing problems 


When up against a finishing problem, 
many engineers and designers like to 
get the opinions of a finishing spe- 
cialist. They prefer to consult a com- 
pany that knows many types of 
finishes. 

Because United Chromium has de- 
veloped plating processes, specialized 
organic protective coatings, and a 
wide line of chromate finishes, it can 
be a real help in suggesting the best 
type of finish to meet service, ap- 
pearance and cost requirements. 


ELECTRODEPOSITED COATINGS 


Unichrome Copper, Nickel and 
SRHS Chromium comprise the first 
matched set of plating processes. This 
means one source, one responsibility 
for proper operation which in turn 
means the finest finish of its kind 
plus smoother running production. 


UNIQUE ORGANIC COATINGS 


Developed to meet unusual require- 
ments, Unichrome lacquers, synthet- 
ics, enamels are now available in a 
broad range to block corrosion, add 
long life to the eye appeal of a prod- 
uct, 

CONVERSION COATINGS 
Chromate treating strengthens cor- 
rosion resistance of zinc die castings 
and plate. It offers an easy, economi- 
cal way to finish, With Unichrome 
Dips, high quality also is obtainable 
~ quality measured in durability and 
appearance. 

. . . 


More information is as close as the 
United Chromium office nearest you. 


UNITED CHROMIUM, 
INCORPORATED 


100 East 42nd Street, New York 17, ¥. Y. 
Waterbury 20,Conn. + Detroit 20, Mich. 
Chicage 4,1. + Los Angeles 13, Calif. 


In Canada: 
United Chromium Limited, Toronto 1. Ont. 
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Advantages of Unichrome heavy-duty vinyl compounds 
now obtainable even with sprayed coatings 


piconet compounds are liquids, 

which when heat cured, build up 
vinyl plastic finishes that look and 
feel like rubber, but there the re- 
semblance ends. Plastisols offer truly 
remarkable chemical resistance, 
which is further fortified by the 
tough, substantial film thickness 
achieved in one coat. 


SEAMLESS, THICK-FILM PROTECTION 


Any metal surface that can be uni- 
formly baked can now be strongly 
protected against severe and corro- 
sive service conditions by Unichrome 
4000 Series Plastisol Compounds — or 
the new Coating 5300. The first prac- 
tical sprayable plastisol, Unichrome 
Coating 5300 fills the need for a 
plastisol suitable for application to 
products too large to be dip-coated. 

A 20 mils thick, non-sagging coat 
can be applied even to cold vertical 
surfaces in just one application with 





Coating 5300. That’s 5 to 20 times 
thicker than ordinary coatings. Uni- 
chrome Series 4000 Plastisols, which 
are applied by almost any other con- 
ventional method, produce coatings 
up to “6” thick. Plastisols can do jobs 
for which sheet materials have been 
used. 


CHEMICAL RESISTANCE OF VINYLS 


Unichrome Plastisols offer seam- 
free and pore-free protection against 
acids, alkalies, water, salt solutions 
and many other corrosive agents. 
They bake into an abrasion-resistant 
resilient coating that doesn’t crack, 
chip or tear. With such protection, 
ordinary metals can often be used in 
place of costly alloys. 

The chemical resistance, physical 
toughness, electrical insulating prop- 
erties, and speed of curing of Uni- 
chrome Plastisols combine to offer 
engineers a new tool for protection 


and finishing. Send for Bulletin VP-1. 




















POWDER METALLURGY... IT’S 





The Bearing That Wouldn’t Wear Out 


125 years* service without adding a drop of oil 


How long will a bearing last? An OILITE cus- 
tomer making large vertical shaft attic fans 
wanted to know the answer. He subjected a fan 
equipped with an OILITE bronze flange bearing 
to an ‘accelerated life test equivalent to 125 
years of service. Throughout the test it ran 
quietly and smoothly. Not one drop of oil was 
added—-it showed no apparent wear. 


OILITE bearings hold oil by capillary attrac- 
tion. Oil film on the surface insures positive, 
constant lubrication. Particularly good in trouble 
areas where lubrication is difficult or impossible. 
The built-in oil cushion allows OILITE Heavy- 


CHRYSLER AMPLEX PRODUCTS 
Finished Machine Parts 


OILITE Bearings 


Permanent Metal Filters Friction Units 


Dept. H-3 


Duty Bearings to absorb shocks and stresses. 

Heavy-Duty, self-lubricating OILITE bear- 
ings are Chrysler engineered to meet individual 
requirements. Standard bearings are available 
from local dealer stocks. Also cores, bars, plates, 
discs and strips in sizes ranging from '4" to 15 '4" 
L.D. and 1” to 184%" O.D. 

The engineering facilities of Amplex and 
Chrysler, unmatched in the powder metal 
industry, are ready to help you with your 
bearing problems. For on-the-spot service, con- 
sult your telephone yellow pages for the field 
engineer near you. 


Write for free 24-page 
OILITE Bronze Precision 
Bearings bulletin 8-653. 





Only Chrysler makes OILITE 
CHRYSLER CORPORATION - 





Detroit 31, Michigan 
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AMPLEX 


AMPLEX DIVISION 











*ONE-TON INGOT 





HE ST. JOSEPH LEAD COMPANY is now ready to ship 

corroding lead to carload consumers in units of 
one-ton ingots. This “new look” in lead has been 
worked out successfully with a number of our cus- 
tomers who have now adopted it as a standard prac- 
tice for their shipments. Assuming adequate melting 
capacity, the shipping of lead in one-ton ingots offers 
consumers these obvious economies: 


* Strapping charges for the 2000 lb, to 2500 lb. “bundles” 
are eliminated, 











* Shifting, dislocation or “scrambling” of cargo, due to 
strap breakage is avoided, 

* Since delivery in “neat” package is ensured, handling 
costs and injury hazards are greatly reduced. 

* Ingots are adapted to easy handling with ordinary fork 
lift trucks, and can be picked up from either direction. 
* The compactness of one-ton units also makes possible 
a considerable increase in storage capacity. 


For improved materials handling at less cost, specify 
one-ton lead ingots for your shipments. 


ST. JOSEPH LEAD COMPANY 


50 PARK 
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AVENUE, NEW YORK CITY 17, NEW YORK 














TOOL STEEL SHEETS 


STAINLESS STEEL BAR STOCK 


CARBON STEEL WIRE 


You can safely descale most metals 
in 20 minutes or less 





WITH THE DU PONT SODIUM HYDRIDE PROCESS 


In 10 to 20 minutes, sheets, bars, 
\. wire, rods, forgings and fabricated 
\ articles are completely descaled 
with the Du Pont Sodium Hydride 
Descaling Process. Even heavily 
scaled forgings ( 14" scale thickness ) 
take less than an hour. And in only 
15 seconds you can get cold reduced- 
annealed strip clean and bright! 

With hydride descaling, there’s never any danger of 
etching or pitting . . . never a costly reject due to loss of 
gauge. Base metal is always protected, since bath action 
stops the instant scale is reduced. And retreatments are 
rarely needed with most metals. One pass through the 
sodium hydride bath will do the job completely. 


e~ 
‘ 


Producer of Sodium 





Du Pont 








4 « & #7 OFF 


Pioneer of Hydride Descaling 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


TECHNICAL SERVICE AVAILABLE 
If you are descaling metals which are unaffected by 
fused caustic at 700°F., it will be to your advantage to 
talk to us about the Du Pont Sodium Hydride Process 
Du Pont pioneered this modern descaling method and 
can bring a depth of technical experience to bear on 
your descaling problems. 

There’s no cost for this service which includes labora- 
tory investigation of problems, plus expert aid in con- 
struction, installation and operation of the process. Just 
call our nearest district office or send in coupon below. 
DISTRICT AND SALES OFFICES: Faltimore + Hoston 


+ Charlotte «+ Chica 














go « Cincinnati « Cleveland + Detroit «+ Kansas City* + Los Angeles « 
New York + Philadelphia + San Francisco ° 5 
FOR MORE INFORMATION 

reeeranapaneinenansne napa ap apas -—4 

E. I. du Pont de Nemours & Co. (Inc.), MP-8 | 
; = 
j Electrochemicals Dept., Wilmington 98, Del | 
| Please send me your free booklet on Sodium Hydride De | 
| scaling | 
| Please have one of your technical men call. | am interested | 
| in deacaling — | 

| 

- Name | 
| Firm ! 
| Address ! 
; City we | __ State — | 
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Improved Metal Flow with 





Controlled Fast Heating 


eee er 


ee 


Mill installations of high-speed gas heating fur- 
naces for hot working operations are proving that 
steel heated rapidly—with no soak—exhibits im- 
proved metal flow beyond that of steel heated slowly 
and soaked. In the light of this experience, gained 
over the past decade, industry today is taking a 
new look at the benefits of controlled fast heating. 

Selas high-speed heating techniques develop forg- 
ing temperatures at rates from one to five minutes 
per inch of thickness, which compares with conven- 
tional practice of 20 to 40 minutes per inch. 
Operations in the field and laboratory demonstrate 
that steel, uniformly exposed to the high tempera- 
ture heat source providing the fast heat transfer 
rates, will not rupture or develop defects which 
sometimes result in conventional heating practice. 

Heating the center of a bar or billet to forging 
temperature by controlled fast heating can result 
in a temperature gradient, surface to center. This 
is beneficial, because it overcomes the surface-heat 
loss which occurs during transfer from furnace to 
work-station, thus equalizing the temperature and 
providing a uniformly-heated billet for the hot 
working operation. 

Improved forgeability, directly attributable to 
the rapid heating, reduces power requirements at 
the usual forging temperatures, or, for given power 
applied, permits an increase in the amount of flow 
or deformation. More importantly, this increased 
capacity for hot work can be used to advantage 
to permit working the steel at lower temperatures, 
with no increase in applied work. 

Surface chemical reactions, producing decarburi- 
zation and scale, are reduced to negligible values by 
controlled fast heating. The short time under heat 
and the lower hot working temperatures are prime 
factors, since they minimize exposure of the steel in 
the higher heat range where surface reactions pro- 
ceed at an accelerated rate. Another important 
factor is atmosphere regulation, wherein free oxygen 
is eliminated from the products of combustion to 
minimize the oxidizing potential of the furnace 
gases. This is accomplished by pre-mixing gas and 
air in a Combustion Controller and delivering to the 
burners at a fixed ratio and constant pressure. 
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Lansdowne Steel and Iron Company at Morton, 
Pa., prominent producers of shells for ordnance, are 
utilizing this new method of rapid gas heating for 
hot forging and realizing the many benefits atten- 
dant to such practice. A radiant, burner-fired rotary 
furnace, used for heating billets up to 6 inches 
square, and with a production rate of 8000 pounds 
per hour, is shown in the above photograph. 
Another similar furnace, designed for billets up to 
3 inches square, is also in use. 

This plant has found it possible to reduce the 
forging temperature from 2100°-2200° F to 1800°- 
1850° F using the same presses formerly employed 
for the higher temperatures. Tests conducted by 
Selas engineers, utilizing strain gauges attached to 
the press columns to record press loads, establish 
that billets heated rapidly to 1850°F, with no soak, 
require no more press loading than billets heated 
to 2150°F, with one hour soak, for slugging and 
backward extrusion operations. Further, billets 
heated rapidly to 1850°F, with no soak, require 
approximately 30°, less press load than billets slow 
heated to 1850°F with one hour soak. 

Rapid heating to the lower forging temperatures 
has eliminated the descaling operation. Reduced 
temperatures and scale elimination have increased 
die life substantially. Also, the uniformity of heating 
and scale reduction have accounted for a ten per 
cent reduction in billet weight. Other benefits of the 
method are reduced labor costs (automatic furnace 
control, one operator loads and unloads billets), 
improved production (furnace paces the press) and 
decreased floor space requirement of the furnaces. 


Selas Corporation of America 
Philadelphia 34, Penna. 





















Get the "PACKAGE 
when you buy HEAT TREATING SALTS! 


Houghton’s research staff works closely with metalworking plants— 





often side by side with your heat treaters—in servicing salt baths. 

So valuable ingredients that are not in the formula go with every 
Houghton Salt you buy—wide knowledge of your heat treating prob- 
lems and on-the-job service that helps you solve them! 

Houghton Liquid Salt Baths cover a temperature range of 350° F 
to 2400° F.—for tempering, martempering, annealing, quenching, car- 
burizing, nitriding, normalizing and hardening of ferrous and non- 
ferrous metals. 

Ask the Houghton Man for help he'll gladly give 
you—or get for you—to assure fast, uniform metal 
treatment batch after batch. Or write to E. F. Houghton 
& Co., 303 W. Lehigh Avenue, Philadelphia 33, Pa., 
for latest ‘Liquid Salt Baths’’ book 





+++ products of 





Ready to give you 
on-the-job service... 
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GLC 
CARBON BRICK 


For Blast Furnace 






















Operations 
Significant characteristics of 
GLC Carson Brick are... 


a Strength and abrasive resistance 
at high temperatures 


> Wimensional stability 

=> Low thermal expansion 

ef Phermal shock resistance 
af Kesistance to slag build-up 
—»> Non-melting by liquid metals 








You can depend upon Great Lakes 


carbon brick for optimum performance. 


( meat Lakes Carbon Corporation 


GRAPHITE ANODES, ELECTRODES, MOLDS and SPECIALTIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. 
PLANTS: Niagara Falls, N.Y., Morganton, N.C. 
OTHER OFFICES: Niagara Falls. N. Y., Oak Park, IL. Pittsburgh, Pa. 


SALES AGENTS IN OTHER COUNTRIES: Great Northern Carbon & Chemical Co. Ltd.. Montreal, Canada 
Oversens Carbon & Coke Company, Inc., Geneva, Switzerland; Great Eastern Carbon & Chemical Co., Inc., Chiyoda-Ku, Tokyo, Japan 
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what 
made 


Cacttam 


melting 


work: ? 


primarily —newly discovered vacuum 
techniques applied to forty years of in- 
duction furnace manufacturing experience. 
And only at Ajax does this experience cover 
so many melting developments over such a 
long period of time. Successful vacuum melt- 


ing, as it comes from Ajax today, is just 


Associated Companies 


‘ 





Ajox Electric Compony—Ajox Electric Furnace Co 


) a 
mM NOR TRUE, 
‘ J Vv 


The first 1000-Ib vacuum furnace to be put into production 
Photo courtesy Universal-Cyclops Steel Corp, Bridgeville, Po 


another refinement in Ajax quality melting 
at production speed. 

The vacuum furnace illustrated above is 
typical of a number which are now being 
built for purer, stronger alloys in capacities 
from 5 to 2000 Ibs. For details, write Ajax 


Electrothermic Corp., Trenton 5, New Jersey. 


Ajax Engineering Corp 


SINCE 1916 


INDUCTION HEATING-MELTING 
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COMPLEMENTARY METALS 
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MAGNESIUM and TITANIUM 


Magnesium gives you ; Titanium gives you 
good strength with ‘ EXTREME STRENGTH 
EXTREME LIGHTNESS with good lightness 


One metal complements the other. B&P has broadened its scope-of- 
service to the light metal industry by developing methods and adding 
facilities for the fabrication of Titanium. For information or advice 


regarding your possible uses of these Companion Metals, write or 


phone B&P. 


ho Engineering 
ee) ss 
BROOKS and PERKINS Inc. 


(at LIGHTNESS...PLUS! 


Rolling Fabrication 
Magnesium and Assembly 
Sheet and of Magnesium 
Plate 


and Titanium 











1958 W. Fort St., Detroit 16, Mich. 
TAshmoo 5-5900 
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CrysCoat 
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*The Oakite CrysCoat 
Cleaning-Phosphating Process 
for preparing metals for painting 


SHAW-WALKER steel desks and filing cabinets are time-engineered to 
make office work quick and easy. Beneath the piano-like baked enamel finish 
of this fine office furniture is a protective coating of CrysCoat 

to make it look better . . . last longer. 


There’s an Oakite CrysCoat Process to suit your particular set-up : — 
1. Zine phosphating in spray washer 
2. Zinc phosphating in tank 
3. Iron phosphating in spray washer 
4. Iron phosphating in tank 


Each CrysCoat Process gives you a fine phosphate foundation 
for long-lasting paint adhesion. 


Each CrysCoat Process protects against corrosion under the paint. 
Each CrysCoat Process is easy to control. 


Each CrysCoat Process is solidly backed by nationwide Oakite Service 
that unconditionally guarantees satisfaction. 


Illustrated literature describing the Oakite CrysCoat Cleaning-Phosphating 
Process gladly mailed on letterhead request. 
Oakite Products, Inc., 26H Rector Street, New York 6, N. Y. 


. gps ciAtizee INDUSTRIAL CLEA Nyy 
CG 
P CrysCoated Products 
OAKITE Look Better... Last Longer! 


a : 
TERIALS. meTHODS ~ SERVICE y SCIENCE / 






Technical Service Representatives Located in Principal Cities of United States and Canada 
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Harnessing Electricity 


an example 


OLSEN'S 
pecialized 
Approach 
to Unique 
Testing 
Problems 


How to test electrical insulators simultaneously for mechanical and insulating efficiency 








Photo courtesy Victor Insulatérs, Inc 


is a problem that was recently given to Olsen testing engineers. The solution: a 
standard Super ‘'L"’ universal testing machine with special insulation that permits use 
of high voltage current’with complete safety for both the operator and the machine 

This is just one example of hundreds of unusual testing requirements solved by 
Olsen using the incomparable SelecBrange Indicating System—standard in all Olsen 
hydraulic Super ‘'L'' and electro-mechanical ElecBmatic testing machines. These indus- 
try proved machines are unmatched for testing speed, accuracy, ease of operation, 
dependability and adaptability. 

Given the opportunity, Olsen engineers will take the ‘‘special'’ out of your special 
testing problem, as well as providing the most efficient and economical machine for 
your testing needs. 


/8BE8O 


OUR SE ANNIVE RSARY 
/955 


Testing and Balancing Machines 
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Cored 
TO MEET YOUR FURNACE REQUIREMENTS... 


“Ts 


Baset Sintered synthetic mullite 
P.C.E.t Cone 39 (3389°F.) 

Al,0; Content: 67-69 % 
Available as: Brick, specio! shapes 


Baset Highest quality, premium 
grade Indian kyanite 

P.€.E.t Cone 37-38 (3308-3335°F.) 
Al,0; Content: 57-60%, 
Available as: Brick, special shapes, 















Base! Highest quality, premium grade Indian kyanite 
fortified with alumina 

P.€.E.3 Cone 38-39 (3335-3389°F.) 

Al,0; Content: 66-68 % 

Available as: Brick, special shapes 


Base? Sintered Corundum 
P.€.E.t Cone 41 (3578°F.) 
Al,0; Content: 88-90%, 
Available as: Brick, special shapes, specialties 


Baset Purest commercial grade zirconium silicate 
P.€.B.4 Above Cone 42 (above 3659°F.) 
Available asi Brick, special shapes, specicities 


Additional data on these brands with recommendations on applica- 
tions will be gladly supplied on request. Contact your Taylor field 
engineer or write us direct. 


REFRACTORIES SINCE 1864 «+ CINCINNATI « OHIO « USA 
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THEY'RE MADE 


The increased amperage called for 
in modern plating equipment 
demands higher conductivity in this 
casting—a contact which rides on 
a copper bus bar and transmits cur- 
rent from the bar to the plating 
tanks. Various materials used in the 
past, although they had the required 
wear resistance, lacked the conduc- 
tivity for this application. To get 
around the problem, engineers con- 
sidered brazing a strip of high- 
conductivity ““Beryleo”’ beryllium 
copper to the part. 


PARTS ARE CAST 









Our engineers recommended that 
instead the whole part be cast in 
“Berylco.”’ The solution was ideal. 


’ 


““Berylco”’ not only combines high 
conductivity with high strength and 
remarkable wear resistance, but is 
also a very good casting alloy. Pour- 
ing temperatures are low, fluidity is 
excellent, and needed detail can be 
sharply reproduced. Most impor- 
tant, cost is competitive. 

What do you expect an alloy to 
deliver? Fatigue resistance? Cor- 
rosion resistance? Strength? Con- 





FOR A TOUGH ROLE 


25-lb. plating work corrier cast in high-conduc- 
tivity beryllium copper and used in plating 
equipment made by The Udylite Corporation 





ductivity? Elasticity? Workability? 
**Berylco”’ beryllium copper fills 
these and many other roles as no 
other alloy can. Write any of the 
offices listed below for free testing 
samples or technical assistance. 





DOZENS OF APPLICATIONS 
for “Berylico” beryllium 
copper are discussed in 
detail in this informative 
32-page booklet. Send 
for your free copy today 


»/ 














Tomorrow's products are planned today — with “Beryico" beryllium copper 


THE BERYLLIUM CORPORATION 


DEPT. 


S5C * READING 9, 


PENNA. 


New York + Springfield, Mass. + Rochester, N.Y. + Philadelphia « Cleveland + Dayton + Detroit « Chicago * Minneapolis * Houston « San Francisco + Los Angeles 
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GET ALL THE DETAILS NOW! 


WRITE TODAY tor COMPLETE INFORMATION 
on TENNEY SUGB-ARCTIC 


and TENNEYMITE INDUSTRIAL CHILLERS 


a, ee ee ae ae, ee ee, i Oe 
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Metals Engineering at 



























Lindberg Engineering 


as described by Mr. Fred Hansen 


Vice President, Manufacturing and Engineering 


“A committee, of which these Metals Engineers 
are members, must approve any change in specifi- 
cations and materials before any purchase orders 
can be placed. Based on experience with metal 
performance in manufacturing and service, they 
decide on suppliers. Our Metals Engineers, of 
course, do a lot of research on the behavior of 
materials on which buying of metals, ceramics, 
instruments, alloy castings and expendable prod- 
ucts is based and approved. 


“‘Customers come to us with engineering problems 
involved in their own production. Our men are 
dealing with their opposite numbers therefore, the 
Metals Engineers in our customers’ plants. Being 
able to try out our own products in our commer- 
cial heat-treating production is very helpful to 
Lindberg Engineering Company.” 


Regarding Metal Progress Mr. Hansen says, 
“Metal Progress, like the Metal Show, has proved to 
be an excellent place to introduce something new.”’ 


Magazine of 26,000 
Metals Engineers 


Metal 
Progress 


A publication of the American Society for Metals 
Owner and Manager, Notional Metal Exposition 


7301 Euclid Avenue, Cleveland 3, Ohio 


€ These Metals Engineers are discussing the final test 
of a Lindberg carbonitriding furnace. Left to right: 
Mr. C. H. Stevenson, Vice President, Sales; Mr. Roy 
Lindberg, President; Mr. Norbert Koebel, Director 
of Research; Mr. Fred Hansen, V. P., Manufacturing 
and Engineering. All are members of American 
Society for Metals and readers of Metal Progress. 


Pe rr 
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What's the Right X-ray Film? 


PRODUCT: 
Nozzle for jet plane’s air conditioner. 


MATERIAL: 
Aluminum Alloy 355, 2 in. thick 


EQUIPMENT: 
140 k.v. x-ray machine 


Kodak Industrial X-ray Film, Type A 


oe curved vanes are machined in the rim 
of this aluminum casting. It’s foolhardy to 
“guess” if castings are sound and defect-free, machin- 
ing costs are too great. 


So, all rough castings go to the radiographer to 


be x-rayed. For these radiographs he uses 86 k.v. at 
a distance of 48 inches, 45 seconds exposure time. 


The film selected is Kodak Industrial X-ray Film, 
Type A. 

This film gives him high contrast with little grain- 
iness. It’s fine for examination of light alloys with 
short exposures at low voltages. Also has sufficient 
speed to use with high voltage equipment in radio- 
graphing thick or dense materials. 


RADIOGRAPHY 


--.- another important example of Photography at Work 


THERE'S A RIGHT FILM FOR EVERY PROBLEM 


Whatever your radiographic problem, you'll find the best 
means of solving it in one of Kodak's four types of industrial 
x-ray film. This choice provides the means to check castings 
and welds efficiently, offers optimum results with varying alloys, 
thicknesses and radiographic sources 


Type A-—has high contrast and fine graininess with adequate speed 
for study of light alloys at low voltage —heavy parts at intermediate 
and high voltages. Used direct or with lead-foil screens 

Type F.—provides the highest available speed and contrast when 
exposed with calcium tungstate intensifying screens. Has wide latitude 
with either x-rays or gamma rays when exposed directly or with 
lead screens 

Type K has medium contrast with high speed Designed for gamma 
ray and x-ray work where highest possible speed is needed at available 
kilovoltage without use of calcium tungstate screens 

Type M- provides maximum radiographic sensitivity with direct 
exposure or lead-foil screens. It has extra-fine grain and, though speed 
is less than Type A, it is adequate for light alloys at average kilovolt 
ages and for much million- and multi-million-volt work 
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RADIOGRAPHY IN 
MODERN INDUSTRY 









| A wealth of invaluable data 


RADIOGRAPHY 


so WOpERE Hier ere) 


on radiographic principles, 
practice, and technics 
Profusely illustrated with 
photographs, colorful drawings, 
diagrams, and charts. Get a 
copy from your local x-ray 


dealer—price, $3 






EASTMAN KODAK COMPANY 


X-ray Division 


Rochester 4, N.Y. 
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NATIONAL ENGINEERING SERVICE 


Heat and Corrosion Resistant Castings 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


"There is no substitute for Experience’”’ 





GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIM ORE, Maryland CHICAGO, Iilinols DETROIT 2. Michigan LOS ANGELES, California MUNCIE, indians 
Emil Gathmann, jr. General Alloys Company General Alloys Company Oavis-Grege Company The George 0. Desautets 
513 Park Avenue Edward 7. Connolly nm 8. ns 406 8. Main Gtreet P.O. Box 776 
224 8. Michigan Ave. 3-147 General Motors Bids. 406 Wyser Block 
ouree. New York CLV ELLAND 8. Onie 0 BY p N ¢ indi . ous entu: I — 51S Age 
> jeorge The Desautes avi ‘ 
S12 Tacoma Ave. 354 Ewuelld Ave. P. 0. Box 1176 tb tadlieeaeen Woodland Road 
aR Ne. Bend Drive West Concord, Mass 
BIRMINGHAM, Alabama DENVER, Cotorade HOUSTON 3, Texas ANAPOLI NEW YORK 7, New York 
fee. [rape iy Fam Be kee "The George @, Oeigiats Uo. Generel Aer Ce 
Harty G. Mowat . Ammons St. ease Ave. ir moter 
1247 American Life Bidg Pe F. Saristes Sweet 50 Chureh Street 
PHILADELPHIA, Pa. PITTSBURGH 15, Pa. LOUIS 16, Misseurt 
john P. Ceo. incent C. Leatherby Associated Steel Mitt 
124 &, Easton Road 400 Se. Main St. 3163-66 Morganford Read 
Glenside, Pa Sharpsburg (6, Pa. 
405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


HE QUALITY NAMES IN ALLO’ ».< . 
LO FOR HEAT CORROSION ABRASION Ae 











WHAT'S NEW AT BRISTOL .e- 











Don't be without this 
free pyrometer 
reference book! 


If you use pyrometers, this fact-filled 56-page book- 
let is a “must”. Its three sections tell you quickly 
everything you want to know about thermocouples 
and all other pyrometer accessories. 

Chock-full of money-saving ideas, informative illus- 
trations, charts, and detail drawings, this well-indexed 
book does these three jobs: 


HELPS YOU SELECT THE RIGHT THERMOCOUPLE, wire, and pro- 
tecting tube for every installation. Complete information 
on all thermocouples and radiation pyrometers, with 
installation suggestions. 


HELPS YOU KEEP THERMOCOUPLES ON THE JOB. Complete, 
well-tabulated descriptions of replacement parts and 
accessories, with simple ordering instructions. 


HELPS YOU GET QUICK, ACCURATE CALIBRATION DATA. Cali- 
bration tables for all commonly used thermocouples, in 
Centigrade and Fahrenheit scales. 4s 


Mail the coupon today for your free copy! 


The Bristol Company 
106 Bristol Road 
Waterbury 20, Conn. 


Gentlemen: 


Send me a free copy of your pyrometer 
fact book. 


Name 


TS Sol 


Address 
City 





Zone 


State 
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with GLOBE Direct Drive 
TUMBLING BARRELS 


Talon sliders—the key to good zipper operation—get an 
80-minute burnishing in Globe Direct Drive Tumbling 
Barrels to remove all burrs. “Pulls”, “retoiners’, and 
“stops” ore burnished as carefully. As a result the ports 
feed through the hoppers of automatic machinery with- 
out jamming, and tool costs have been reduced. Finished 
slider assemblies are bright dipped and tumbled in 
soap and water to provide the sparkling finish for 
which the Talon slide fasteners are known. 


Advantages? Talon relies on Globe Barrels to help 
make the small parts feed easily through automatic 
machines, to reduce tool costs, and to maintain quolity 


FREE — Let Hupp’s experimental engineering service ano- 
lyze your ports finish needs. Send samples of ports and 
completed piece to show desired finish. Hupp will provide 
detailed cost-saving finishing recommendations with- 
out obligation of course 


Ask for 
Globe 
Tumbling 
Barrel 
Bulletin 
| No. B-9 























NOW AVAILABLE IN 
CLOTH-BOUND EDITION 





Metals Handbook 
New 1954 Supplement 


Order now a copy of the 1954 Supplement 
bound in red cloth to match your 1948 
ASM Metals Handbook. The Supplement 
contains recent, authoritative information 
on all these subjects: 


Carbon and Alloy Steels 
Tool Steels 

Stainless Steels 
Heat-Resisting Alloys 
Nodular Cast Iron 
Aluminum 

Copper 

Magnesium 

Titanium 

Engine Metals 

Stress Concentration 
Shot Peening 

Ferrous Castings 
Brazed Joints 

Heat Treating 

Metal Cleaning 

Press Forming 
Machining 

Powder Metallurgy 
Steel Melting 
Nondestructive Inspection 
Metallography 


This handsome 200-page volume contains 
24 articles supplementing the 1948 ASM 
Metals Handbook. Prepared by 22 ASM 
technical committees, it has 326 illustra- 
tions, 155 tables. It makes a worthy ad- 
dition to your technical library, one you'll 
refer to often. 


For complete details of contents, see your 
July 15, 1954, issue of Metal Progress . . 
which contains all the articles now being 
offered in this cloth-bound edition. Price 
is $4.00 to ASM members, $5.00 to non- 
members. 





American Society for Metals 
7301 Euclid Avenue, Cleveland 4, Ohio 


Rush me a copy of the cloth-bound 1954 Supplement to 
the ASM Metals Handbook 


Name 


Company 


Address 

City State 

Member of ASM Chapter 
$4.00 enclosed —ASM member Bill me 
$5.00 enclosed — non-member Bill my company 
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Burnis 


“Published by Eclipse Puc! Englncoring Co. 


Eclipse 
Rockford, IMinois 


Good news for 
die casters 


By R. E. HAYDEN 


“If you are considering the pur 
chase of melting equipment to 
produce better aluminum castings 
your 
facts worth con- 


easier and reduce costs, 
here are 


sidering, 


some 





“First, the new Eclipse Double-Chamber Dry Hearth Furnace 
elintinates gas pick-up. Since metal is charged to the dry 
hearth, all moisture is driven off during the melting process. 
There is no overheating of metal because the metal flows into 
the holding bath as soon as it is melted, and the temperature 
is easily and accurately controlled by a thermocouple in the 
dip-out vestibule. 


small 
amount of oxide formed is not ‘car.ied into the molten metal 
but is left on the hearth where it can be removed at the end of 
the working day. In fact, there is very little oxide produced 
because there is no stirring of metal in the holding bath. The 
slight film formed on top of the metal actually protects molten 
metal and reduces the amount of oxide produced. 


“Second, oxide inclusions are eliminated, too, because the 


“Third, operator comfort has been designed into every dimension 
of the furnace. The hearth is only 36 inches from the floor, and 
only cold metal need be handled. It is easy to clean, and keep 
clean, because aluminum will not adhere to the brick, Dip-out 
vestibule, only 30 inches off the floor, is located away from 
furnace heat. And there is much less heat from the dip-out 
than from a pot or crucible. 


“Fourth, operational 
and maintenance costs 

Oxide 
extremely 


are reduced 
losses are 

low and scrap loss is 
less because porosity 
is eliminated and tem 
perature of the dip-out 
may be accurately con- 
trolled 


reduced, too, 


Fuel costs are 
because 
there is no loss of heat 


through a pot or cruci 





ble. There's no pot or 
crucible replac ement, 
and refractory maintenance is negligible. Let us send you a copy 
of Bulletin C-80-T describing the variety of sizes and styles 


available.” 
‘og fc = Hay tw 
WY 
Sales Manager, Furnace Division 


Eclipse Fuel Engineering Co., 1127 Buchanan St., Rockford, Il. 
Eclipse Fuel Engineering Co. of Canada, Lid., Toronto, Ont. 
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PERECO 


Electric 


FURNACES 


of many types 
celalelelae mel i Spe ci Furnac relaie! 
for operatin« cdaal* LaLa ia 


p 
450 to 


5000 ij 






Used for years by the Industry's 
Leaders Throughout The World 


Write Today 
for 
Bulletin 


PERENY EQUIPMENT CO. 


Dept. Q, 893 Chambers Rd., Columbus 12, Ohio 














ATSC 
Angle Iron Cut Off Die 


No. 18, cut off die, for 
2”x2”"xl4,” and lighter an- 
gles. Mounted in leader - 
die set. Fits ‘most all makes 
of 25-ton and larger presses 
Simple shearing action in- 
sures straight, clean cut 
WITHOUT DISTORTION 
Another of the many differ- 
ent kinds of punches and dies 
in stock or made to order for 
foot, hand or power opera 
tion. Also adaptors and die 
shoes to convert your press 
Each precision-made 






















immediate 
Delivery 


What are your punch and 
die needs? Consult us about 
your problems. Prompt serv- 
ice on “specials” made to 
your order, 


Send for free illustrated catalog 
No. 154 AA. Net prices shown 


WARD Machinery Co. wosningron Chicago 6 























i 


| WESTINGHOUSE 
[ WESTINGHOUSE } 


FACT: 





This completely automatic billet heater 
cuts forging costs ... ups production 


These specific advantages tell why: 


Scale Loss—0.6% is typical—60 to 80% less 
than other heating methods, because the speed 
and precision of Westinghouse induction heatirg 
doesn’t give scale a chance to form. 


Maintenance Costs—80% reduction is not at 
all unusual, because Westinghouse design gives 
you high availability—minimizes maintenance 
labor costs. 


Down-Time Production Loss— Extremely low 
down time of Westinghouse induction heating 
equipment compared with other heating methods 
means less lost production. 


Labor Costs — 50% savings are not at all unusual, 
because Westinghouse automatic equipment elim- 
inates handling operations. 


Other Advantages, including significant space 
savings; cool, clean working conditions; quick 
start-up and very low stand-by losses, combine to 
make Westinghouse induction heating your best 
investment in advanced, lowest cost billet heating. 
For sound advice on reducing your forging costs, 
call The Man With The Facts—your Westinghouse 
sales engineer. And—ask him for your copy of 
booklet B-6519, or write Westinghouse Electric 
Corporation, 3 Gateway Center, Pittsburgh 40, 
Pennsylvania. J-02295 


you can 6e SURE...1¢ 175 


Westinghouse © 

























KENTRALL Hordness Tester 


MAKES BOTH 
Superficial & 
Regular Tests 


i 

; 

i 

i 

; 

i 

i 

; 

; 

i 

i 

i 

i 

! 

i 

; 

i 

i 

i 

; 

Thoroughly proven in the field over the past two 
; years, the KENTRALL makes all Superficial Rock- 
i 
; 
i 
i 
i 
i 
i 
; 
; 
! 
! 
! 
| 
! 
! 
! 
| 
! 
! 
| 
| 


LEITZ PANPHOT 
METALLOGRAPHIC 
MICROSCOPE 


well tests (15, 30 and 45 kg. loads), a8 well as all 
Regular Rockwell tests 
(60, 100 and 150 kg. 
loads). 

Want complete infor- 
mation? Write for Bul- 
letin RS. 


Yhe 
Torsion 


Balance , 
€, omfian LY ss 





Main Office and Factory: ” 
Clifton, New Jersey Mote rs 
Sales Offices: Price $605 
source are combined in one compact unit for easy Chicago, Sen Francisee 


Permanently aligned microscope, camera and light 





metallurgical research. With the Panphot, you shift 





instantaneously from observation to photography 
by moving a prism in the body tube. A large image yA 
then appears on the ground glass screen in the ee 
mirror-reflex camera. i Reg. U.S. Pat. Off. * 
The Panphot has a low-voltage filament lamp for INDUSTRIAL Gas FOUIPMENT 
visual observation and an arc lamp for photomicrog- 
raphy. It is fitted for study of polished metal speci- NO BLOWER OR REST CONNECT TO GAS SUPRLY 


OTHER POWER BUZZER Equipment, a buy-word 
NEEDED since 1911, provides the hottest 


ond quickest heoting . . . without 
blower or power. Wide range of 
turn down and heot control. You 
can depend on a BUZZER. 


mens under magnifications ranging from lowest to 
highest power. Ultropak illuminator for dark-field 
observations available. 


Accessories equip the Panphot for every type 
of photomicrography, photomacrography and for 
drawing and projecting micro-images 


&. Leirz, inc. 
Distributor af the world famous 
products af Braet Leitz, 
Wetzelar, Germany 


microscopes 
binoculars 
Leica cameras 
lenses 





Atmospheric Pot 








“| Hardening Furnaces Send for . 

' r complet 
! S. Leitz, tnc., Dept. MP ! BUZZER Catalog. 
! 4048 Fourth Avenue, New York 16, N.Y ; 
| 
! Please send me your brochure on the Leitz Panphot ! 
! Metallographic Microscope 
! 

, | 
Name i CHARLES A. HONES, Inc. 

y | 
. Company ' 126 $O. GRAND AVE, BALOWIN,. 1 I. NY 
i Street BURNERS - FURNACES ( Heat Treating, Melting, Soldering 
City State i ‘ 
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Which hubcap 


would you reject? 











MCA’s RareMcT Compound minimizes surface defects 


Deep drawing steels, extensively used in automobile 
production, are often rejected because of surface defects 
which, in turn, cause low yields. Only the best quality 
can withstand deep drawing operations and at the 
same time give high yields. 

Our wide experience in numerous plants throughout 
the country has proven that small additions of RareMeT 
Compound to the ladle, aid in the manufacture of these 











steels by increasing hot workability. 

If increasing demands for better quality, through 
improved surface, play a part in your operations as a 
producer, the economical use of MCA RareMeT Com- 
pound is strongly advised. A letter addressed to the 
nearest MCA office listed below will bring prompt 
and confidential response. 


CORPORATION OF AMERICA 
Grant Building Pittsburgh 19, Pa. 
Off ces: Pittsburgh, Chicago, Detroit, Los Angeles, New York, Son Francisco 


Soles Representatives: Edgar |. Fink, Detroit, Brumley Donaldson Co., Los Angeles, Son Francisco 
Subsudiory Clevelane Tungsten, Cleveland 


Plants, Washington, Pa. York, Pa 
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How 
Pittsburgh 
Red Center 
Construction 
Provides 


Faster cutting while maintaining 
smooth finish © Freedom from shedding 
® Perfect balance ® Longer life 


In conventional brushes, when faster cutting action 
is desired, coarser wire is used. But increasing the 
wire gauge causes brittleness, destroying the wear- 
ing quality of the brush, and resulting in excessive 
scoring of the work. 


Pittsburgh has solved this problem by maintaining 
the same ideal gauge wire in every brush, but in- 
creasing the fill and diameter of the hub and center 
plate of brushes designed for faster cutting. Thus, 
although cutting speed is increased, work remains 
unscored and the wire does not lose its inherent 
power to flex. These Red Center brushes last longer, 
maintain perfect balance throughout life, and do a 
better job all around. 

This is just one example of superior Pittsburgh con- 
struction, engineered for both general and specific 
applications. For details of the complete line, write 
for free Catalog #54-W. Address: PirrspurGH 
Pirate Grass Co., Brush Div., Dept. Y3, 3221 
Frederick Ave., Baltimore 29, Maryland. 


PITTSBURGH 


Feuer Uhiver....... 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS * FIBER GLASS 
PITTSBURGH PLATE 






GLASS COMPANY 


IN CANADA; CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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HE KING 
PORTABLE 
Brinell 


HARDNESS TESTER 


Offers You More Out- | 
standing Advantages Than | 
Any Other Hardness Tester 
The King PORTABLE Brinell | 
Hardness Tester is an important 
member to add to your produc- 
tion team because it saves han- 
dling and set up time and per- 
mits fast, accurate readings. In 
addition, this versatile unit: 

is guaranteed to moke Brinell 

“tests of the greotest accuracy 

9. con be taken to the work or 

“used os a bench tester 

3 ee a@ lead of 3000 kg. on a 


mm ball—other loods as re- —S 
quired t 
son test materials in any posi- ‘ 
*tlon almost anywhere — even 
small cramped spaces 


5. has a removable test head to 


test parts of any size 
6 eliminates test bars — there's 

The King Portable can be used in 
any position—even upside down. 


Recah 


Weight is only 26 ib. with the base, 
10 Ib. without the base 





only one impression to read 

7 is especially adapted for test- 

‘ ing immovable ports and parts 
in assembled machines 

Ask for the folder illustrating and 

describing other advantages of 

this widely used precision tester. 





BOX 606T, ARDMORE, PA. 

















AGF 
Oven 
Furnaces 








Engineered to withstand severe and continuous 
service in the tool room or the production heat 
treating department. 

Operational advantages include — Atmosphere 
Control — Excellent Uniformity of Temperature — 
Economical Operation and Quick Heating-Up. 

Construction features include—Down Draft Con- 
struction ——- Numerous Alloy Burners — High Effi- 
ciency Lining—AGF simplified proportional mixing 
system. 

Operating temperature ranges from 600° F to 
ge 


Write todey for Bulletin 215 



















The entire shell of the bucket on this 50-cu. yd. power 
shovel is fabricated from %4” and 6" “T-1" Steel 
Plate. Liner plates are made of 2" ‘T-1" Steel. “T-1" 
Steel Plate only 6'/2" thick has reploced large castings 
@ foot thick in the lip of the bucket. Lighter weight 
construction with “‘T-1"' Steel made it possible to in- 
crease the cubic copacity of the bucket by ten yards 


USS “T-1" STEEL 





in big machines 
cuts weight, cuts cost, increases service life 


Hanna Coal Company just can't afford castings. And these lower-cost fabri 

ave rie 50-¢ f > 2 ‘tually , £ = 
to have this giant 50-cu yd. shovel cated parts actually last longer than Visit the U.S. Steel Booth 
break down. This machine can move castings. As a result, Hanna Coal Com 


2,280,000 tons of material a month, and pany has standardized on ““T-1" Steel at the 
it must operate continuously—24 hours for the vital parts of much of its heavi 


a day, 7 days a week—to pay off est-duty equipment AMERICAN MINING CONGRESS 


Strong, weldable *“T-1"" Steel has im Write for complete information on 


proved the performance of this in new USS “T-1" Steel. It has applica AND COAL SHOW 


credibly rugged machine, and it also tion in pressure vessels, rotating ma MAY 16-19, 1955 
has cut cost and weight. It enables ithe chinery, structural steel towers, steel 


designers to use fabricated parts in mill equipment, big trucks, mine cars CLEVELAND, OHIO 
place of larger, heavier, more expensive and elsewhere 


UNITED STATES STEEL CORPORATION, PITTSBURGH COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO TEWWESSEE COAL & IRON DIVISION, FAIRFIELD, ALA, 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS + UNITED STATES STEEL EXPORT COMPANY, WEW YORK 


77] 
CONSTRUCTIONAL ALLOY STEEL 


T E D >.) at ee tee |e? 














Fast, precise answer 
to your 
X-RAY 


DIFFRACTION 
PROBLEMS 







filger 
Micro-Focus 
X-ray unit 


This internationally famous instrument has 
exclusive advantages that will increase the speed 
and precision of your x-ray diffraction work: 

Low exposure times — ee | diameter x-ray diffrac- 
tion cameras used cut exposure time to minimum. 
High resolution — precise segregation and phase 

distribution studies made possible by fine 

focusing on grain boundaries. Particularly 

valuable for low angle scattering. 

Special techniques possible — micro-crystal study 
. focal spot permits examination dam in 


For more complete information, write today for 
Catalog CH 356/2 


Note these exclusive featl-res: 


1. bale lal between 5 and 50 kv. . . tube supply 
gy ys 
D.04 mm focal spot . focus controtied 


tistrontat ically by toot ameter 
engin ol erodlcton ss the te vs complotely” © 

Small Glameter x-ray diffraction cameras . . . minimum 
:. ine Pm atiewe ful intensity with a tube current of 


~ 400 ma. ky kv only 1 kw. 
Low cost wevlde take. testneni easily. 
; Interlocking switches 





| 
| 
| 
| 
! 
| 
! 
| 
1 
! 
; order of 60 sq. microns. 
! 
! 
| 
1 
| 
| 
1 
| 
l 
! 
1 
| 


foolproof operation. 






JARRELL-ASH COMPANY 


26 Farwell St., Newtonville, Mass. 


DETROIT EL CERRITO, CAL. PITTSBURGH, PA. 


SALES OFFICES 450 Capitol Ave. 1344 Devonshire Drive 916 Greenhill Road 
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Yle - QUARTZ 


ELECTRIC RADIANT IMMERSION HEATERS 


Heat by aeli 


ant caron 
A) 


ns 
valiale| and p 






@ Underwriter's Lab. approved 
junction box 


@ Midget fuses inside 
junction box 


@ Guard, holder, and junction 
box have Plasti Sol-type 
coating 


@ Renewable heating elements 


@ Use with automatic temperature 
controls 


w *TRADEMARK 
ire Gt 
FOR our 4-Ph 


Ye ~ QUARTZ ELECTRIC HEATERS CO., INC. 


Mfgrs. of Fused Quartz Electrical Heating Elements 
37934 ELM STREET * WILLOUGHBY, OHIO 


VISIT BOOTH NO. 


yLLETIN TL-52. 





1052—-WESTERN METAL EXPOSITION 















CHESTS 


Temperatures to 


° 
-95; 
BELOW ZERO 
For Shrink Fits 
Seasoning Gauges 


Precision Tools 
Laboratory Tests 


SUB-ZERO MODEL S 
RE} CO RIVET COOLER with 


9) Rivet Cannisters available 


153 Shown 








—w » 





Special Equipment added to meet Your Needs, if desired. 








cu TEMP. CAPACITY OUTSIDE Hermetic 
MODEL | Fy\| ruuocown| inside) | imen.) |  YNITS* 
is ‘| 7oem Tale] c/t] Wu HP 
weime | 15] 95; |23| 9 lramler | 20 wa 
“szH-153 | ’ | 9 [r2s4|42 | 28) 43) 4 a % 
ware os] as; lar las] | 28 | % a! 
574-653 | & + [47 | 18] 16 60] 28/43) 4% 
RIVET COOLER | | - 
RSz-503 | °° | ~—30% |30/ 16) 18 \42 28) 41 Ye 




















*Fan Cooled; Refrigerant F22 and F12; Current 110/60 « WRITE TO: 


REVCO INC.... DEERFIELD, MICH. 

















THE BEST OF BOTH — 
In one unbeatable line ! 


When J. C. Miller joined forces with Hanson-Van Winkle-Munning recently, 
the nation’s two best sources of buffing and polishing compounds became one. 
Each of these two compound sources offered specific advantages 
and unique products—uniting them meant the creation of one 
master compound line, a line unequalled anywhere. 


NOW—FROM ONE SOURCE—YOU GET— 
AN ENLARGED FIELD SERVICE AND RESEARCH ONE SOURCE—ONE RESPONSIBILITY... what- 


STAFF, better equipped to help you with your ever your buffing problem, rely on the new, 
buffing problems. expanded H-VW-M line to fill all your buff- 
ing and polishing compound requirements 
FASTER, BETTER, MORE ECONOMICAL SERV- ALL TYPES 
ICE AND DELIVERY—increased manufacturing Liquid 
and warehousing facilities across the United Cast 
States. Extruded 
Greaseless 
SIMPLICITY—from one compact line you can Hand-Rolled 
choose the exact compound to meet every con- Water Dispersible 
ceivable buffing requirement. Automotic Shapes & Sizes 


For complete information ask for Bulletin 


WZ ay HANSON-VAN WINKLE-MUNNING COMPANY 


Veey 06.0W/ide deel Main Office and Plant, Matawan, New Jersey 
ofthe mast modern tasting J.C. Miller Division, Moin Office and Piont, Grand Rapids, Mich 














and devel SALES OPPtGESe Aadarcee {ind.} * Bettinore * Beloit (Wisc.) * Boston 
—ot over 80 yeors experience Bridgeport Chicago Cleveland Dayton ¢ Dewret * Grond 
in every phose of ploting fapidn* les Angaiey * Lavinia” Matewan 

ond polishing—of o complete New York ©¢ Philadelphia © 

equipment, process ond sup- St. tovis * San Froncisco Sinha a os Gees 

ply line for every need. Well ingle’ Cone 





INDUSTRY'S WORKSHOP FOR THE FINEST IN PLATING AND POLISHING PROCESSES + EQUIPMENT + SUPPLIES 
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sion cleaning 
d dies— 
paANGBORN 


YDRO-FINISH 


ewer moving parts 


gives you: F 
Easier handling — Added efficiency 


For preci 
of molds o” 


BOOKLE 

























Hydro-Fie 


mous 
jience 


ded convert 
ine tolerance? 
s and dies 


orn’s fa 
with ad 


\Holding! 


Now Pang 
ish is yours 
andefficiency 
Hydro-Finish cleans molec 
in minutes +** offers many new ac 
_ Pangbor® has done away 
‘ators now 
This 


restment and fewer 


| loading stand 
d in- 


anot ’ 
a her product backed by 
1OuUs ; - 
ELGIN quality' 


moving part: Optioné 
simplifies handling, wa 
hibitor appl! The cabinet has 
jesigned 


been re“ 
These and other advan- 
dro- 
f ABRASIVES 
"ABRASIVES DIVISION, DEPT. v_ 
7 DEPT. ” 


operation. 
rages make the new Pangbor® Hy 
Finish ideal for precision cleaning 
and finishing’ 
| vs | ELGIN NATIONAL SHE 
For further details of Hydro-t inis / | Se WATC 

EY rite: PANGBORN "e 7H COMPANY 


for Bulletin i now: 
CORP» 1800 Pangbor® piva., Hager® 


qborn 


BLAST 
CLEANS 
CHEAP ER 


h, send 
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Published | ) ; 

by Ecl ' 

Rockford : ipse Fuel Engineeri 

’ iWinois ering c pon 
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How 
to save . 
tim 
e and heat-treating 
costs 
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ipment from 
stock! 
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Shapes impractical or expensive to obtain by conventional methods can 
now be produced economically by investment casting in magnesium 
as well as other metals. Arwood can cast, at substantial savings to 
you, complex parts in difficult-to-form alloys. 
Arwood’s investment casting process quite often makes possible 
casting several sub-assemblies into a single part. On many parts, long 
cored sections can be cast with no draft. Dense, fine-grain parts 
require only minimum machining. 
Our engineers will be pleased to go over your parts problems with 
you and help cut your own costs. Why not submit parts or prints to us 
for quotations? Consultation is free of obligation, of course. 

; Write for free literature describing the investment casting process 


PRECISION CASTING CORP. 


73 WASHINGTON STREET ©¢ BROOKLYN 1, W. Y. 
PLANTS: Brooklyn, N. Y.; Groton, Conn.; Tilton, N.H.; Los Angeles, Calif. 








Complicated investment cast magnesium 
parts exclusively from Arwood 





r 





= 


CASE STUDY 


METAL: Magnesium (QQ-M-55 Comp. AZ-92-A) 
PARTS: Designed and cast as single unit, 


QUALITY CONTROL: Chemical and Physical 


affidavits furnished. Test Bars submitted. 
Produced under X-ray control. 


ADVANTAGES: (as investment casting) Cost 
drastically reduced. Light weight. Smooth 
surfaces—no welding seams or parting lines. 


Nee ¥ 





J 





VISIT US AT THE WESTERN SHOW—BOOTH 27! 
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New From Lindberg-Fisher 





For Permanent Mold and 
Sand Casting of 
Aluminum, Magnesium, 
Zinc and Lead. 


A Lindberg-Fisher Electric 
Resistance Melting Furnace 
can mean lower cost per 
lb. of finished casting. 





These furnaces eliminate localized heating of metal, 
eliminate gas absorption, because there are no 
products of combustion present. Higher produc- 
tion results, due to less operator fatigue. Exhaust 
fumes and smoke are nonexistent and radiation 
loss is held to an absolute minimum by use of 
high quality insulation. 


Longer crucible or pot service and low furnace 
maintenance are obtained with the patented long 
life, low voltage elements. 


Can also be used as a holding furnace on die 
casting applications. 


Write for Bulletin No, 320 


Vat Cather « ADE Show Seth, Hie. G00 ond a0 ASN West 
. = al Exposition, Booth No. . 


B MELTING FURNACES 


y A Division of Lindberg Engineering Company 


LINDBERG 





FISHER 


2448 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 
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“For Scientists Everywhere” 





4/1 
A Complete, Self-Contained, Package-Unit 


Now, you can have push-button welding available at 
your finger tips for instantaneous use. Many different 
metals, in wire sizes from 14 to 30, can be joined. 
No auxiliary equipment or special skills are required. 
You plug in and use with any 115 volt, 60 cycle 
power supply. 


CAT. NO. 73-075 Burrell Kup-L-Weld Thermo- 
couple Welder, complete ............... $45.00 


Price listed is F.0.B. Pittsburgh, Pa. 


BURRELL CORPORATION 


Manufacturers and Distributors of 


SCIENTIFIC APPARATUS and LABORATORY 
CHEMICALS 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 








7 The Newoge Tester 







what are 


is bef high, weighs 30 ozs.! 
your versatility ? Tests 4 ne 
hardness speed? 1 easy motion g — 


ease to use? Just press handgrips, 
read dial. No conversion charts, 

no calculations! 

production? Moke a test a minute with 
the bench adapter! 


testing 
needs? 
















Each instrument is individually calibrated 
Available in Newage Scales correspondingto 


Rockwell “A” 35-75 Scale 
Rockwell “B” 5-100 Scale 
Rockwell “C” 6-70 Scale 
Rockwell “15N” 70-95 Scale 
Brinell Medium 100-440 Scale 
Brinell Low 50-260 Scale 


camel Pave? f2ssees2 


Thousands in use in industry, labs, government agencies. 
Write today for full descriptive literature, Booklet 605 


NEWAGE internationat 
portable metal hardness testers 


NEWAGE INTERNATIONAL, INC., 235 E. 42 ST.,N.Y., N.Y. 


LOS ANGELES: 11775 SAN VICENTE BOULEVARD 


TORONTO 14, ONTARIO: NEWAGE (CANADA) LTD. 
3 BESTOBELL RD., QUEEN ELIZABETH WAY 
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Choice of 3 tracers. Use the 
sure, accurate Airco Electronic 
Tracer, the magnetic tracer, 
or manual tracer, according 
to type of work. Tracer equip- 
ment is interchangeable. 


Air RepucTIoN 


60 East 42nd Street * New York 17, N. Y. 





‘ 
17 - , 
ie rl - Le 


In producing close-tolerance parts, the 
Airco #48 Duograph is as accurate as 
heavier, more expensive pantograph-type 
machines. Cuts are sharp-edged, free of 
slag or scale. Cuts up to four 4-foot circles 
at once. Solenoid operation and central- 
ized controls save gas, speed work. Ask 
your Airco Representative for illustrated 
booklet containing full details—or write 
to the address below. 





The Airco Dvograph #48 cutting 
machine equipped with Elec- 
tronic Tracer*. Note simple, 
sturdy construction and cen- 
tralized control station. 
Basic tracing area 48" x 51” 
Additional tracing table in- 
creases length to 131”. 


‘optional equipment (in place of 
manual trocer) of additional cost 


Visit Western Metals Show... 


Booth #650 


/ The NEW AIRCO 
“48 DUOGRAPH 


the first rectilinear shape cutting 
machine that gives you the accuracy 
you want...at a price you can afford 


*3450 ===. 


featuring: 


48” x 51” cutting area (one table) 
up to 4-torch operation 

centralized controls 

gas-saving solenoid valves 


accurate cuts 


Divisions of Air Reduction Company, Incorporated, 
with offices in most principal cities 


Air Reduction Sales Company 
Air Reduction Pacific Company 


Represented internationally by 
Airco Company international 


Foreign Subsidiaries: Air Reduction Canada, Limited, 
Cuban Air Products Corporation 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial goses, welding and cutting equipment, and acetylenic 


chemicals * PURECO — carbon dioxide, liquid-solid (“DRY-ICE”) * OHIO — medicol gases and hospital equipment * NATIONAL CARBIDE — pipeline 
acetylene and colcium carbide * COLTON CHEMICAL COMPANY — polyvinyl acetates, alcohols and other synthetic resins. 
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Saves on Every 
Pre-combustion Chamber Assembly 


In today’s competitive market, any savings on a component is 
important, even on a product as large as the Caterpillar D8 
crawler Tractor. Caterpillar Tractor Co., with an eye on costs, 
selected Ledloy 5120 for pre-combustion chamber assemblies in 
their diesel engines. As a result, machining costs have been re- 
duced on each of the two parts that form the finished assembly. 
This reduction resulted from Ledloy's free machining proper- 
ties, which reduced machining time and increased tool life. 


Design called for copper brazing the two pieces together and 
nickel plating the entire assembly. The Method: The leaded steel 
was brazed and plated in the usual way, without special han- 
dling. The Results: Pre-combustion chamber assemblies made of 
Ledloy 5120 ata lower cost, met all requirements and are seeing 
service in Caterpillar-built machines around the world. 


* Inland Lediloy License 


Two component parts of the Pre-combustion 
Chamber assembly were machined from 
Ledloy 5120 cold drawn bars. Other leaded 
alloy steels and leaded carbon steels are 
available in all standard or S.A.E. composi- 
tions in any of our standard sections. Write 
for complete information about application 
of leaded steels to your product. 


COPPERWELD STEEL COMPANY Sookie om 


LEAD-TREATED 


(Steel Division) WARREN, OHIO nitovs 





